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Although fl.ow of hemolymph in wings of some insects is part of the 
normal c· ~latory scheme, many details of circulation in these appen-
dages are yet unavailable. In spite of considerable general literature on 
this subject, there can still be found textbooks of entomology which state 
there is no circulation in the insect wing. Other publications recognize 
the presence of hemolymph in wing spaces, but make no mention of active 
circulation. For these reasons a thorough study of hemolymph movement 
in the wings of a typical insect may serve to bring again this activity to the 
attention of insect physiologists and morphologists. This is the first of a 
series of papers dealing with circulation in the wings of the cockroach, 
Blattella germanica. The studies should be of particular interest to ento-
mologists since Portier (25, 26) has suggested that circulation of hemo-
lymph through insect wings may play a part in respiratory exchange of 
gases, and thus may be closely linked to insect respiration. 
As early as 1744 Baker (1) noted fl.ow of hemolymph in grasshopper 
wings. Not until more than eighty years later did a second publication on 
insect wing circulation appear. In 1826 Ehrenberg and Hemprich (18) 
observed movement of hemolymph in wings of a mantid. From time to 
time since then papers have appeared with fragmentary notes or descrip-
tions of circulation in various Orthoptera, Neuroptera, Ephemerida, 
Odonata, Plecoptera, Coleoptera, Tricoptera, Lepidoptera, Diptera (newly 
emerged), and Hymenoptera. This early literature was reviewed ade-
quately by Yeager and Hendrickson (38) who also contributed in 1934 
a description of part of the circulatory pattern in wings of Periplaneta 
americana, the large American roach. Later literature on general insect 
circulation has been reviewed by Hoskins and Craig 20). 
Some important papers on wing circulation appearing between 1826 
and 1934 are those of Carus (12, 13, 14) in 1827, 1828, and 1831; that of 
Verloren (35) in 1847; that of Moseley (24) in 1871; and the more recent 
researches of Brocher (3, 4, 5, 6, 7, 8, 9, 10, 11) published between 1909 
and 1929. In 1831 Carus formulated his "rule" that hemolymph flows from 
the insect body through the anterior margin of the wings, and returns 
toward the body in the posterior margin of the wings. This early gen-
1 This report was made possible through a grant from the Rockefeller Fluid 
Research Fund administered through Iowa State College. 
2 Now a Teaching Fellow in the Department of Zoology, University of Chicago. 
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eralization has been found to hold in hexapods examined since then. The 
report by Yeager and Hendrickson in 1934 appears to be the latest 
completed with any thoroughness. 
Only one note has been found on wing circulation in Blattella ger-
manica. Yeager and Hendrickson merely state that circulation occurs in 
"elytron" (tegmen) and wing, but give no details about paths or channels 
in which the hemolymph moves. 
EXPLANATION OF TERMS 
The terminology of this paper is that of Needham and Comstock (17) 
and Comstock (16), with modifications suggested by Snodgrass (30). The 
more important hemolymph channels and spaces follow, for the most part, 
courses similar to those of wing veins (Fig. 1), and it has been convenient 
to use commonly accepted venation nomenclature to designate paths of 
circulation. Cross channels which do not follow wing veins will be referred 
to by names derived from the two longitudinal veins between which the 
channel is located. More details of wing venation nomenclature may be 
found in citations 1, 2, 16, 17, 21, 29, 30, 33, and 34. 
The general direction of flow is described as afferent when the cur-
rent of hemolymph is toward the distal part of the wing; and efferent 
when the direction of flow is toward the insect's body. These words are 
descriptive with reference to direction of flow in the wing and not to 
direction of flow from the propelling organ. The usage is the same in 
vertebrate physiology, and was adopted by Moseley (24) as early as 1871 
in describing insect wing circulation. 
To discuss the parts of wings concerned in circulation it is convenient 
to use the different regions described by Snodgrass (30): axillary, 
remigial, vannal, and jugal (Fig. 1). In addition, that part of the remigium 
with efferent flow has been called the proximal remigium, and that with 
afferent fl.ow, the distal remigium. Two intermediate areas are located 
in the remigium: one, the distal intermediate zone, lies in the region of 
origin of the radial sector and the additional radial branches; the other, a 
proximal intermediate zone, lies at the points where efferent hemolymph 
from media and cubitus turns into cubitopostcubital channels. 
The articular membrane and anterior sinus are important structures 
in circulation. The former is part of the wing which is directly connected 
to tergum and pleuron, and actually consists of dorsal and ventral mem-
branous surfaces. The dorsal surface is continuous with the tergum; the 
ventral, with the pleuron. Anteriorly the two surfaces do not meet, and 
the space between them forms the anterior sinus; posteriorly, they are 
fused to make part of the jugum. 
The basal sinus is a dilated channel in the axillary region at the base 
of cubitus, postcubitus, and vena dividens. It is prominent in the hind-
wing, but much less pronounced in the tegmen and does not play such an 
active part in circulation. It should not be confused with the larger ante-
rior sinus between the two surfaces of the articular membrane. The 
anterior sinus is directly connected with the hemocoele, while the basal 
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sinus communicates with the pulsatile organ by channels passing through 
the fused jugal part of the articular membrane. The basal sinus is really 
a dilated hemolymph channel. The anterior sinus is not, strictly speaking, 
a channel, but a space formed during evagination of the wing pad. Ante-
Fig. 1. Diagrams showing venation, folds, regions, sinuses, circulatory zones, and 
normal pattern of circulation in the tegmen (A) and hind-wing (B). Folds are indi-
cated by broken lines; axillary regions by dot-dash lines; intermediate circulatory 
zones by dash-dot-dot lines; anterior sinus by line of dots; and basal sinus by dash-
dot-dot-dot lines. Arrows along the veins indicate hemolymph flow in channels 
around or close to those veins; broken-line arrows designate general direction of flow 
in the many channels of the respective regions. 
Abbreviations: am-apical margin; AS-anterior sinus; Ax-axillary region; 
AxC-axillary cord; bf-basal fold; Bs-basal sinus area; C-costa; cm--costal margin; 
c-r--costo-radial cross vein; Cu--cubitus; Cu-pcu--cubito-postcubital vein; im-inner 
margin; jf-jugal fold; Ju-jugum; M-media; m-cu-medio-cubital cross vein; m-m 
-median cross vein; Pcu-postcubitus; Pcu-v-postcubitus-vannal cross vein; R-
radius; Rm-remigium; Rmd-distal remigial intermediate zone; Rmp---proximal 
remigial zone; Rs-radial sector; r-radial cross vein; r-m-radio-medial cross vein; 
Sc-subcosta; s-sectorial cross vein; V.-vannal vein; vd-vena dividens secondary 
vein; vf-vannal fold; Vr-vannal region. 
rior and basal sinuses are connected by the basal channel which follows 
the basal fold. When this channel is carrying much efferent hemolymph, 
especially in the hind-wing, some is directed into the vannal channels and 
thus accounts for the afferent streams frequently occurring in the vannal 
region. For additional details, see Clare (15). 
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Throughout this paper the circulatory paths are outlined and de-
scribed with respect to the wing in an outstretched position at right 
angles to the body. Such procedure is necessary to obliterate folds and 
overlappings which occur when the wings are at rest. This extended 
position exposes all veins, channels, axillary membrane and its pteralia, 
and the connection of the wing to the body. 
A normal pattern of circulation is outlined by assuming that the direc-
tion most often observed and the paths most often followed by the hemo-
lymph are normal, based upon the original premise that the costal cir-
culation is afferent. 
Other anatomical terms are those recommended by Snodgrass (30), 
and used in other books on insect morphology (23, 28, 29, 33, 34) .3 
MATERIALS 
Insects used for this problem were imagos of Blattella germanica. 
Adults were collected in Ames, Iowa. Some of these individuals were 
used for investigations until others could be reared from the original 
stock. They were kept in glass containers and fed canned dog food and 
banana. Water was always available. 
METHOD 
A method for observing circulating hemolymph was described by 
Yeager and Hendrickson (37) in 1933. Their procedure was to hold the 
insect in a depression in a balsam block by strips of paper over the 
pronotum and head, and over the abdomen under the wings. The strips 
were fastened to the wood by pins. A movable piece of tin-foil under the 
observed area was used to reflect light upward through the insect tissues. 
It frequently happens, however, that circulation is impaired in small 
specimens if too much pressure is applied to the papers. This difficulty 
was corrected by holding the roach with a thread tied loosely around the 
neck. A pin at each end of the thread holds the noose in position and does 
not interfere with circulation as much as do the paper strips. The foil 
strip was retained. To hold the roach close in the depression, pins also 
may be adjusted along the length of the neck thread, between either side 
of the head and the distal pin. In studying hind-wing circulation the leash 
was sometimes fastened between the mesothorax and prothorax. 
After the roach was in position, a strong beam of light was directed 
on the foil under the wing and reflected through the membrane. Hemo-
cytes could be observed in motion and directions of hemolymph circula-
tion ascertained. The cell surfaces reflect light and make possible 
detection of movement. If care is taken to adjust the insect in a comfort-
able position it will make few efforts to escape. If the source of light is too 
near the microscope stage, the insect will become overheated; this may 
be overcome by passing the light through water. 
When investigations were begun, a low power objective of a com-
' The authors are grateful to Dr. W. H. Wellhouse, Iowa State College, for his 
suggestions regarding the naming of the wing structures. 
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pound microscope was used, but a binocular dissecting microscope pro-
vided with high power objectives was later found more convenient, 
especially for experimental work, since much larger areas could be 
observed in the same field. 
RESULTS 
Observations of hemolymph circulation were made while the wing 
was at right angles to the body. This is not the normal position, but, in 
most respects, gives the same circulatory pattern as the resting position. 
However, each possible wing position initiates very slight variations in 
flow and some of these changes will be pointed out later. By definition, 
then, hemolymph circulation in a normal wing will mean circulation in 
an uninjured wing held at right angles to the body in such a way that 
circulation is not perceptibiy impaired. 
A. CIRCULATION IN THE TEGMEN 
1. Axillary region: In the hemoc~le or visceral sinus, the main flow 
of hemolymph is in a caudad direction, but some of this body fluid is 
continually entering the tegmen through the articular membrane. The 
axillary area is so constructed as to direct hemolymph from the hemocoele 
to the afferent channels. The two surfaces of the articular membrane are 
not fused in the anterior region immediately in front of the medial plates 
and the second and third axillary sclerites. Failure to fuse leaves an 
evagination or sinus (anterior sinus) between the visceral sinus and 
afferent channels. Pressure exerted on the hemolymph by the action of 
the he~rt propels the hemolymph through the anterior sinus, and forward 
into the tegmen. The fusion of the dorsal and ventral surfaces of the 
articular membrane posterior to the anterior sinus prevents the inter-
ference of afferent with efferent streams returning to the hemocoele. The 
fusion is complete with the exception of efferent jugal channels through 
which hemolymph passes to the axillary cord channel; and the basal chan-
nel which sometimes admits afferent hemolymph into vannal passages. 
2. Remigial region: Afferent circulation is restricted mainly to the 
proximal remigial area of the tegmen (Fig. 1, A). Most afferent streams 
flow in costal, subcostal, radial, proximal medial, and cubital channels. 
Subcostal hemolymph is emptied into the costal channel at its distal end. 
The current then continues toward the outer margin as costal hemolymph. 
Hemolymph in the costal channel is increased by inflow of radial hemo-
1ymph from the first three or four costo-radial intermediate channels. The 
costal flow proceeds to the outer margin of the tegmen where, by route 
of cross-channels, it enters the R 1 and flows to the branch of R1 and Rs and 
then proceeds into the medial channel together with the flow of the radius 
and Rs. Hemolymph current in R . and its branches R2, R3 , R4 , and R:; is 
usually costal in origin and enters the medial circulation just below the 
Ri and R. branch by the way of the radio-medial cross-channel together 
with the current from R1 (Fig. 2, D). 
Some radial current near the proximal end becomes diverted into 
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the medial and cubital channels. At the proximal end of these channels 
the circulation is afferent. Radial fl.ow contributes to the costal along its 
way, through the first three or four costo-radial channels. The remainder 
of radial hemolymph passes to the junction of R1 and R. and enters the 
c 
R 
M, 
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Fig. 2. Diagrams to show details of circulation in various regions of the tegmen: 
A and B are variations in radial currents; C gives details of afferent and efferent flow 
in the distal intermediate zone; D shows cubito-radial cross channels; and E depicts 
details of cubito-postcubital and vannal circulation. (In E dot-dash lines indicate 
efferent vannal currents; broken lines are cross channels in normal afferent flow; solid 
lines show direction of flow when all vannal currents are afferent.) (Abbreviations as 
in figure 1.) 
medial current with the efferent fl.ow of R1 and R.. Except for the first 
three or four costo-radial cross-channels the others usually receive their 
hemolymph from the costal current, and the fl.ow is not direct radial 
hemolymph. Frequently the last costo-radial cross-channels may receive 
current from the radius. 
\ 
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The main variations in the proximal remigium lie in the costo-radial 
cross-channels. In the first three or four of these the flow is from radius 
to costa. In the remainder the flow is almost entirely costal hemolymph 
(Fig. 1, A) . Hemolymph travels down from the costa into costo-radials 
beyond the first three or four, and may flow nearly to the radius. How-
ever, it does not usually enter the radial flow. Instead, the channels turn, 
flow through several veins distally, enter a channel corresponding to a 
cross-vein, and are again emptied into costal circulation (Fig. 2, D) . Fre-
quently at the origin of the R . branch some costal hemolymph may enter 
the radius proper, through the costo-radials. By way of cross-channels 
between costa and Ri, hemolymph enters the Ri and R2 or both. This is 
the area in which the costal hemolymph usually becomes efferent. 
Actually it is one of the intermediate zones between proximal and distal 
zones of the remigium, and will be referred to shortly. 
Medial and usually cubital currents are derived from proximal radial 
circulation; however, frequently the cubital channel is in direct contact 
with the anterior sinus, in common with the radius. Afferent flow in these 
channels is in the true proximal remigial region. In the medial channel 
the afferent circulation usually proceeds past the branching of channels 
of Mi. 2 and Ma. 4 • The afferent circulation of the cubitus, in both Cui and 
Cu2, proceeds to the cubito-postcubital cross-channels (Figs. 1, A; 3, A). 
Hemolymph flows from radius and R. into distal efferent medial 
channels, through radio-medial cross-channels. As hemolymph proceeds 
along the Mi channel it is transferred by cross-channels into other 
branches, namely M2, Ma, and M4, and courses toward the cubito-post-
cubital channels. Often circulation in the intermediate or cross-channels 
carries a large volume to Cui and Cu2 where the efferent circulation is 
usually very rapid. Proximal cubitus and media contain afferent streams. 
The afferent current proceeds to a point past the division of Mi and M2 
from Mi.~, and of Ma and M4 from Ma.4 • The cubital stream remains 
afferent to cubito-postcubital intermediate channels for some distance 
beyond the point of origin of Cu1 and Cu2 • In these two areas the two 
currents join and enter vannal channels by way of cubito-postcubital 
cross-channels (Figs. 1, A; 3, A). 
Efferent and afferent currents of medial and cubital channels usually 
meet mid-way (Figs. 1, A; 3, A). Cross-channels then convey the two 
opposing currents into vannal channels. Most frequently cross-circulation 
commences before the efferent current reaches the point of branching of 
Mi.2 and M3+4· Immediately proximal to Mi.2 and Ma+4, flow is afferent 
and meets the efferent flow distal to these points. Only extreme distal 
cubital flow is efferent. The opposing currents meet above the cubito-
postcubital channels and with the medial current all flow directly into 
cubito-postcubital channels. Efferent hemolymph in Mi, M2, Ma, and M4 
may be transferred to the cubital afferent stream before it enters vannal 
circulation. As a rule, efferent hemolymph in the Cu1 and Cu2 distal to 
cubito-postcubital cross-channels is greater in volume than in distal 
medial channels. 
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There are two main remigial intermediate zone regions where afferent 
hemolymph becomes efferent. The distal zone is the area of the remigium 
where costal and radial hemolymph becomes efferent. The proximal zone 
changes medial and cubital afferent streams, with the efferent hemolymph 
of these channels, into one common efferent current which flows toward 
the inner margin of the tegmen to vannal channels. These two inter-
mediate areas separate the tegmen into distal (efferent) and proximal 
(afferent) remigial circulatory regions (Fig. 1, A). 
Circulation in the Ri and R . (distal remigial intermediate zone) 
varies considerably. Most frequent directions are as follows: The main 
radial circulation turns into the radio-medial cross-channel (Figs. 1, A; 
2, D), where it becomes medial efferent hemolymph. Radial afferent 
current stops here. Hemolymph in Ri and R ., and branches of the latter, 
is hemolymph from the costal channel. Through costal-radial and radial 
cross-channels it is transferred to Ri and R . where it becomes efferent in 
direction. These currents proceed to the radio-medial channel where they 
are mixed with radial flow and together enter the current of Mi (Figs. 
1, A; 2, D). Sometimes some Ri current may mingle with that of the R . 
branches at the sectoral cross-channel. Sectoral cross-channels connect 
the circulation between R 2• 3 and R 4 or R 4+5 • Some R. hemolymph may 
enter Mi through several radio-medial cross-channels, but more often the 
main current is in a channel that corresponds closely to the commonly 
accepted radio-medial vein. 
In several instances there have been courses different from that 
above (Fig. 2, A, B. C.). Radial hemolymph continues afferently in R 1 
and R . and its branches. Costal currents empty into Ri through costo-
radials. In this example flow is efferent almost to the extreme distal part 
of the tegmen. The change is brought about by streams through radial 
and sectional cross-channels near the immediate outer margin of the 
remigium. Hemolymph then becomes medial through marginal radio-
medial channels. 
Rarely is the R 1 current efferent and that of R . is continuous with, 
·and in the same direction, as the main radial current (Fig. 2, B, C). In this 
case flow in Ri, which is costal hemolymph, turns at the origin of branches 
Ri and R. and mingles with the radial and R. afferent stream. This 
current is transferred to the afferent medial channel by radio-medial 
intermediate channels near the apical margin of the tegmen. The true 
radio-medial channel corresponding to the radio-medial cross-vein plays 
little part in this scheme. 
3. Vanna! region: In the tegmen this region is separated from the 
remigium by the postcubitus (Figs. 1, A; 2, E). Normally there is no 
circulation in this channel except distally where hemolymph may flow 
forward and enter one of the first vannal channels. V annal circulation is 
an efferent flow, most of which passes through two or three channels 
more directly connected with the cubito-postcubital cross-channels: 
namely, 4V, 5V, and sometimes 6V. All vannal channels converge near 
the base of the region at the third axillary plate to which the vannal veins 
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are connected. Currents of hemolymph are transferred along this plate 
into the jugal region or membrane. 
All vannal channels seldom take part in efferent circulation at one 
time. If hemolymph proceeds up the postcubitus, there will be some 
efferent circulation in lV, 2V, or 3V. Otherwise circulation along their 
full course is not frequent. Along the proximal ends much of the streams 
of 4V, 5V, and 6V may enter these channels by cross-channels. Very often 
the entire efferent flow enters 4V, and from this is dispersed to the other 
vannal channels. Sometimes there may be some afferent circulation in 
the vannal channels of the normal wing. In such cases hemolymph is 
admitted by the afferent basal channel. The basal channel carries afferent 
streams into the basal sinus which is in turn connected with two or three 
of the first vannal channels. This afferent hemolymph turns in the distal 
vannal area to become part of the efferent stream. Efferent circulation is, 
however, not the rule, but may be brought about very easily experi-
mentally, and will be described in a later paper. 
Cubito-postcubital channels are those through which all remigial 
hemolymph of the tegmen must pass to gain entrance to the pulsatile 
organ. Their number varies, but as a rule there are not more than five, 
of which two or three are generally active. These cross-channels convey 
hemolymph past the postcubitus into one or two vannal channels. 
4. Jugal region: This portion of the wing is part of the articular 
membrane. Its two surfaces are fused in a plane in the same manner as 
the fusion of the two wing surfaces. In the jugum are one or more 
channels which pass from the entrance of the vannal current, below the 
third axillary, to the caudal margin of the jugal membrane along which 
the axillary cord passes (Fig. 1, A). These channels allow passage of 
hemolymph from vannals to the axillary cord. 
5. Tergal (notal) region: When hemolymph enters the axillary cord 
channel it flows directly to the mesothoracic pulsatile organ, then into the 
heart or dorsal sinus and forward toward the head. The axillary cord is 
a membraneous structure continues with the caudal margin of the jugum 
and tergum. This "cord" channel along the tergum is functionally separate 
from and not continuous with the dorsal sinus. It provides a channel for 
transport of hemolymph from the jugal area to the mesothoracic pulsatile 
organ. As far as can be determined, this tergal cord is structurally con-
tinuous with the intersegmental membrane, but fused along a line to 
preveat its continuity with the hemocoele. The direction of hemolymph 
flow in the hemocoele just beneath the intersegmental membrane is in a 
mesad direction. 
Many of the circulatory paths indicated above vary with affecting 
conditions. At one time a channel may be entirely stagnant or even 
empty, while at another moment hemolymph will circulate actively. 
B. CIRCULATION IN THE HIND-WING 
1. General description: Hemolymph flow in the hind-wing (Fig. 
1, B) is in most respects similar to that in the tegmen, and, therefore, does 
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not need detailed description. Hemolymph enters the costa and a single 
basal channel which branches into the subcosta, radius, media, and 
proximal Cui. The bases of Cui and Cu2 and postcubitus channels usually 
have a "blind" origin and, as in the tegmen, the postcubital channels are 
not directly connected with the hemocoele. The Cui derives its afferent 
hemolymph from the media. 
The stream in the costa, subcosta, radius, media, and first cubital 
branch (proximal) is afferent (Fig. 1, B). The subcosta empties into the 
costa nearly mid-way along the costal wing margin. The radius distributes 
afferent hemolymph to the costa and proximal media. Costal and radial 
flow turns efferently into the distal efferent sections of the media, Cui, 
Cu2, postcubitus, and vena dividens from where it passes in one of two 
directions. Part of the flow frequently crosses the vannal fold and vena 
dividens into the first branch of lV (Fig. 1, B); the remainder continues 
efferently along the Cu~, postcubitus, and vena dividens emptying into a 
large channel (basal sinus) at their bases (Fig. 3, B). Here a portion of 
it may travel afferently in some vannals (usually 2V and 3V) and return 
in other vannals (4-lOV) with more active currents proceeding in an 
efferent direction. The remainder passes directly through the jugal 
channels. Usually that which crosses into the first branch of 1 V from 
the cubitus is sufficient to supply the efferent flow for the lVi to 1V7 
branches of the lV. Some may flow to 4-lOV before turning efferently. 
Frequently the entire efferent flow in 4-lOV may be derived from the basal 
sinus through afferent flow in 2-3V channels. 
C. DIFFERENCES IN CIRCULATION IN THE TWO WINGS 
Although the pattern of hemolymph flow in the two wings is much 
alike, several variations should be mentioned. In the tegmen afferent 
currents are found sometimes in one, two, perhaps more, of the first vannal 
channels. For some roaches this streaming seems to be a normal course; 
however, it has been found to vary even in such individuals. Experi-
mentally this afferent current is very easily established as will be shown 
in a later paper. This hemolymph flows directly from the hemocoele 
through the basal fold channel into the vannals. On entering vannal 
channels it flows afferently and joins efferent currents coming from 
cubito-postcubital channels. When these first few channels do not have 
this afferent current they are often not functional, but at any moment 
currents may be initiated in them and pass efferently toward the body. 
Apparently a local increase in volume of hemolymph necessitates this. It is 
strange, however, that in very active circulation afferent currents are less 
often observed. 
In the hind-wing (Figs. 1, B; 3, B; 3, C) afferent currents in the 
vannal area are more commonly observed, and may be considered a 
normal course. There are two sources for this hemolymph. One is that 
hemolymph from the basal fold channel which is identical with the 
occasional path described for the tegmen. Currents usually enter 2V, 
3V, and sometin1es one or two others. The current passes to the margin 
I 
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of the wing and turns efferently. The other, and more important, source 
of this afferent hemolymph is from efferently returning streams from the 
remigium. Part of this volume passes efferently down Cu2 , postcubitus 
and vena dividens to the basal sinus in the axillary region but does not all 
M ~T?""-~ ,/ ~'"' ----./: 
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Fig. 3. A shows afferent circulation in proximal intermediate zone of tegmen. 
B and C show a part of the hind wing. B indicates entry of hemolymph into the basal 
sinus and the peculiar efferent course into the upper vannal channel. C diagrams a 
variation in the first vannal channel. (Abbreviations as in figure 1.) 
pass into the jugal channels. This efferent current along the Cu2 , post-
cubitus and vena dividens is a very common path for the return of efferent 
r emigial hemolymph, and it is exceptional to see a roach that does not 
have it. 
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Another difference is found in the pattern of remigial flow. In the 
hind-wing all efferent remigial hemolymph does not pass over Cu2, post-
cubitus, and vena dividens to gain entrance to vannal currents (Fig. 1). 
If hemolymph succeeds in passing over cubito-postcubital and postcubito-
vannal channels into the vannals, it passes down to the jugal area mostly 
by way of lV channels. Some of this hemolymph continues to the pulsatile 
organ, as does all remigial hemolymph in the tegmen, while some may 
pass with cubital and postcubital efferent flow into afferent vannels. The 
latter volume reaches the pulsatile organ through efferent vannals. 
Sometimes there may be afferent currents in the hind-wing in 
branches of lV (Fig. 3, C). This is due to diversion of cubito-postcubital 
and postcubito-vannal currents passing into vannal channels. The stream 
passes some distance down lV and turns efferently in 1V2, 1V3 , and some-
times all branches except 1V1 which maintains an efferent flow. Afferent 
hemolymph then crosses to vannal channels carrying efferent currents. 
After noting these variations it is important to point out that fre-
quently currents in all hind-wing vannals may be in the same direction. 
Cu2, postcubital, and vena dividens currents pass directly to the jugum, 
and hemolymph which passes into vannal channels over cubito-postcubital 
and postcubito-vannal paths maintains an efferent flow in the entire van-
nal area. Only one constant difference thus occurs in the two wings. This 
arrangement lies within Cu2, postcubitus, and vena dividens channels. 
An afferent current has never been observed in the proximal Cu2 channel 
of the hind wing, while in the tegmen it is always afferent to cubito-post-
cubital channels. In the basal postcubital channel, currents are always 
present in the hind-wing, but in the tegmen this path seems to be non-
functional, proximally. Cu1 in both wings is alike in maintaining part 
efferent and part afferent streams. This arrangement allows division of 
either wing into two circulatory zones separated at the place where most 
of the afferent currents become efferent. 
D. REVERSAL OF CIRCULATION 
Reversal of circulation in the tegmen as a whole is very rare in the 
German roach. Often under condition of abnormal external pressure, 
circulation in remigial afferent channels becomes efferent. As a general 
rule under such conditions vannal circulation is not reversed. This may 
be explained by assuming a low pressure area about the base of remigial 
channels so that hemolymph may flow back into the hemocoele. 
In the hind-wing reversal of flow in remigial channels is fairly com-
mon under the least abnormal strain on the wing while at rest, or during 
flight movements. Reversal seems to be caused by the same pressure 
lowering as suggested for the tegmen. V annal circulation may or may not 
reverse, depending on duration of reversal in the remigium. Frequently 
when a wing was drawn out of position there occurred a sudden rush of 
hemolymph into the remigial afferent channels. This change has been 
called rush movement. It seems to be accompanied by contraction of 
abdominal and thoracic muscles whereby intra-hemocoelic pressure be-
I 
I 
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comes abnormally high and hemolymph rushes into the wing. Excess 
hemolymph is forced into the wing and accelerates vannal flow. After 
release of pressure the general flow of the afferent channels becomes 
efferent and much of the hemolymph returns from the remigium to the 
hemocoele. De.iring this reversal the vannal flow continues in the normal 
direction. This movement is periodic and has not been observed to follow 
rhythmic contractions of the heart. It is most frequently observed in 
newly emerged adults. 
An efferent current in the usual afferent remigial channels, as ex-
plained above, is the result of varying pressures at the base of the wing. 
V annal circulation is rarely reversed. If vannal circulation is r eversed 
. simultaneously with that of the afferent remigial, observations indicate 
this reversal is also due to changes in the normal hemolymph pressure 
areas. Abnormal heart pressure might propel hemolymph afferently 
through vannal channels that are normally efferent, but there is consid-
erable evidence that the pulsatile organ is not continuous with the heart, 
and, if this be true, a reversal in heart beat would not necessarily cause 
reversal in wing circulation, especially in·vannal channel flows. Observa-
tional evidence gained in this study implies that reversal in the vannal 
circulation is due to an abnormal pressure gradient established by a de-
creased pressure on afferent remigial currents. This decrease may result 
from retarded heart action, or from relaxation of thoracic and abdominal 
muscles, or from a combination of these factors. 
DISCUSSION 
Study of the wings of German cockroaches clearly shows that these 
membranous appendages possess a flow of hemolymph which is directed 
along rather definite courses which have been called hemolymph channels. 
These channels differ from the true blood vessels of vertebrates in that the 
former are sinusoidal extensions of the hemocoelic cavity. They may be 
rather narrow and confining, or quite broad and extensive. 
In these channel spaces, hemolymph enters the anterior or costal 
margin of the wings and flows distad in an afferent direction to the apical 
margin of the wings where it turns and travels toward the body in an 
efferent direction. The main streams of hemolymph are in channels which 
follow the course of the wing veins. Some channels surround trachea, 
whereas others do not accompany tracheal branches. The latter is the 
condition in the cross-channels and costal channel. 
The wings are always provided with many more channels than are 
functional at any one time. When higher hemolymph pressure prevails 
or when certain main channel flows are increased or accelerated, hemo-
lymph is directed through spaces which were previously empty. This 
arrangement allows the courses in specific areas to become altered, al-
though the general circulation continues to follow a definite circuit. The 
presence of channels which are sometimes non-functional is by no means 
an indication of indefiniteness and random flow in insect wing circulation; 
in the vertebrate capillary system there are many inactive vessels which 
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become functional under varying physiological conditions, and the cir-
culatory paths in vertebrates are considered "stable." 
General directions of afferent and efferent currents seem essentially 
alike in all insects studied, and confirm Carus' (14) rule that hemolymph 
enters and flows along the costal wing margins, and streams toward the 
body along the inner wing margin. When patterns of wing circulation 
from Blattella germanica and Periplaneta americana are compared, many 
similarities are seen. The differences between these related species are 
minor and are brought about by different venation in the two sets of 
wings. 
Researches so far conducted indicate that many Pterygota have cir-
culating hemolymph in their wings: some throughout life; some in early 
imago stages only. Some insects in which wing circulation has not been 
demonstrated may in reality possess currents in these appendages. This 
failure to demonstrate circulation may have arisen from the method of 
study. Many insects have low hemocyte counts (31, 32) and circulation 
of the clear plasma cannot be noted until a cell or particle moves along. 
In order to see circulation in such insects, injection methods must be used 
or long periods of very careful observation are necessary. 
In some insects there appears to be wing circulation only in early 
imago stages. Carus records circulation in a newly emerged fly, Eristalis 
apiformis. This observation has not been verified, and it is not known 
whether other Diptera are similar in this respect. In such orders as 
Orthoptera, Coleoptera, Ephemerida, and Neuroptera wing circulation 
has been more fully studied and it is probable that most insects of these 
orders maintain a wing circulation. A table prepared by Yeager and 
Hendrickson (38) lists the insect species in which circulation has been 
observed. 
Circulation in insect wings may have functions more than superficial 
in nature. Portier (25, 26) has shown that painting wings of Lepidoptera 
with vaseline; removing wings; severing the pulsatile organ which aids 
circulation from the wing; or cutting wing tracheae cause the insect to 
fatigue rapidly. This behavior is perhaps due to disequilibration of 
gaseous exchange in the respiratory system. It may be either impaired 
adjustments to intake of oxygen or to diffusion of carbon dioxide. The 
latter impairment is more likely, and it is quite probable that wing hemo-
lymph takes part as a liquid medium in the diffusion of gases. Physically, 
wing surfaces provide a good mechanism for diffusion, and since they 
approach being membranes with properties necessary for gaseous dif-
fusion, they provide areas much more efficient than the general body wall. 
If carbon dioxide is transported in the body in a carbonate-carbonic acid 
system, it is possible that hemolymph could readily release carbon dioxide 
while circulating through the wing. 
Surfaces such as furnished by the wings might also provide for dif-
fusion of oxygen into hemolymph and allow its combination in a physical 
sense as stated in Henry's law: the solubility of a gas in a liquid is directly 
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proportional to the pressure of the gas, provided there is no chemical 
union of the gas and the liquid. 
During the present investigations microscopic bubbles of gas were 
observed in the wing channels when hemolymph flow was stopped. Fre-
quently under such conditions the tracheae were collapsed. A plausible 
physiological explanation might be that the gas was carbon dioxide which 
was released from tracheae but could not diffuse out of the wing. The 
wing surfaces, themselves, probably were not greatly altered, but the 
stagnant hemolymph did not offer conditions for rapid diffusion. The loss 
of wing surfaces as organs aiding in elimination of respiratory wastes 
would cause carbon dioxide or carbonates to acumulate in the hemo-
lymph. Such accumulation might slow down general body activities due 
to change of hydrogen ion concentration which regulates the thoracic 
respiratory centers (36). Although this mechanism is implied by be-
havior of the insect under experimental conditions, much more work will 
need to be done before definite conclusions can be drawn. 
Other experimenters also have shown that the wing fluid can absorb 
certain substances which are then carried into the hemocoele. Portier 
(25) found that application of sub-lethal doses of nicotine to wings of 
Lepidoptera was followed by "convulsions" characteristic of nicotine 
poisoning. Applications of stronger solutions caused death. Richardson, 
Glover, and Ellisor (27) exposed wings with an active circulation to nico-
tine vapors. After two hours the bodies of such cockroaches contained 
sufficient nicotine to be measured quantitatively. These results indicate a 
definite permeability of wing surfaces. They also show that hemolymph 
going through the wing spaces takes up these substances and carries them 
to the central nervous system as well as to other regions. Surely a gas 
with diffusibility properties such as possessed by carbon dioxide would 
find it easy to leave the hemolymph through the wing surfaces. Conse-
quently the wing and its hemolymph may contribute to respiratory ex-
change in some hexapod forms. This would be of particular aid in flying 
insects whose wing movements provide constantly changing volumes of 
air around the wing surfaces. 
Another function of wing hemolymph must be to carry food materials 
necessary for maintenance of wing tissues. It is very likely that the nutri-
tional composition of the wing hemolymph is like that of the hemocoelic 
fluid. Epidermal cells may be relatively few in wings of the mature adult, 
but complete absence does not occur. The wing is not a "dead" structure; 
it is a living organ and, as such, makes the usual demands of living tissues. 
Clumps of epithelial cells are located in the channel spaces; in some places 
they may form the channel boundaries. Stoppage of circulation causes 
the wings to curl, dry, and become brittle. If the flow of hemolymph is 
impaired in the wing of a newly emerged, unpigmented adult, the struc-
ture becomes dry, brittle, malformed, and lacks normal pigmentation. 
The real function of the pulsatile organ has not yet been worked out. 
This organ was not studied in these investigations from an anatomical 
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standpoint, and conclusions in this paper concerning it are derived from 
its action in the living roach. Meyer (22) made a close anatomical study 
of the ephemerid naiad and found that the hemolymph flow through the 
pulsatile organ was continuous with the wing circulation. He found that 
hemolymph entered the pulsatile organ from the wing pad and was 
emptied directly into the dorsal sinus and not into the heart. In the 
ephemerid naiad the folds of the heart are such that when it dilates and 
fills with hemolymph, the membrane of the heart wall is forced against 
the pulsatile organ, and the contained hemolymph is expelled through 
valvular flaps into the dorsal sinus. When the heart contracts a pressure 
gradient ("suction") is set up between the pulsatile organ and wing 
channels and hemolymph flows into the organ. The dorsal sinus hemo-
lymph is prevented from re-entering the organ because it rushes back 
against and closes the pulsatile organ valves. Pulsatile org<ms of the 
honeybee and other insects have also been discussed by Bracher (3) and 
Freudenstein (19). In the German roach the course of circulating fluid 
to the'pulsatile organs is essentially the same as that described by Meyer 
(22) for the May-fly naiad. Vannal hemolymph passes into the jugal 
region, collects at the posterior border of the jugal region, collects at the 
posterior border of the jugual membrane, and flows down the axillary cord 
which is continuous with a membrane lying along the posterior border 
of the notum. From all observations so far, there is no evidence that this 
channel is continuous with the dorsal sinus. Hemolymph flows from the 
jugum and axillary cord through this area directly into the pulsatile organ. 
It was not possible to determine the fate of the pulsatile hemolymph, but 
it probably is expelled into the dorsal sinus as described for the immature 
May-fly. There is evidence that the organ in some insects is continuous 
with the heart cavity. In writing of heart beat reversal in the American 
roach, Yeager and Hendrickson (38) state that circulation in the wing is 
also reversed. This correlation indicates probable continuity of pulsatile 
organ and heart in this species. In the German roach the relationship is 
somewhat different. Complete reversal of wing circulation was very sel-
dom observed and seemed due mainly to reduced pressure in the afferent 
channels in the remigium. This reduction may result from temporary 
cessation of heart action; sudden slowing of heart rate; or relaxation of 
abdominal and thoracic muscles. There is little evidence that the reversal 
is correlated with heart reversal. This relation indicates the continuity of 
the dorsal sinus and pulsatile organ as in the May-fly naiad. Reversal of 
wing circulation as a whole was noted so rarely in the German roach that 
the writers are inclined to regard it an abnormal condition regardless of 
whether the organ is continuous with the heart or dorsal sinus. Reversal 
might also occur under abnormal strains in the animal when subjected 
to observational and experimental conditions. 
SUMMARY 
The cockroach, Blattella germanica L ., has been used to ascertain the 
actual courses of wing circulation in an insect of its type, noting particu-
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larly the definiteness with which streams of hemolymph are maintained, 
and the way in which the complete circuits are directed by the structures 
present. Suggestions relating to the functions of wing circulation are also 
presented. 
Hemolymph currents enter the wing channels along the anterior 
margin. These afferent streams are transferred by several cross-channels 
into efferent currents which carry hemolymph toward the pulsatile organ. 
The actual flow of hemolymph is directed by the arrangement of struc-
tures in the base of the wing. Here the dorsal and ventral surfaces of the 
articular membrane are not in contact, and thus allow the hemolymph to 
enter the afferent channels. Beyond this open area the two surfaces are 
fused except at points where the afferent channels originate. These, in 
turn, connect with cross-channels which are, under normal conditions, the 
only mea11s of returning hemolymph to the hemocoele by way of the 
efferent streams. Efferent streams enter the hemocoele through jugal fold 
channels which communicate with the pulsatile organ. The genera] 
scheme of circulation is similar in both fore- and hind-wings and Jiffers 
only in details resulting from somewhat different patterns of venation in 
the two wings. Details of circulation are shown in figure 1. 
The articular membrane and its contained structures provide a 
mechanism by which currents of hemolymph are maintained under a 
pressure gradient. The anterior wing channel streams are under a 
pressure which gradually decreases as the flow passes into the cross-
channels. In the vannal channels further decrease in pressure is brought 
about by the "sucking" action of the pulsatile organ as indicated by Meyer 
in his report on the May-fly (22) . Hemolymph is thus brought into the 
pulsatile organ which returns it to the general body cavity. Fusion of the 
articular membrane about the vannal channels prevents interference by 
hemocoelic pressure. Heart contractions and hemocoelic pressure ap-
parently are responsible for the action of the pulsatile organ. 
This study of wing circulation has brought out many questions re-
garding actual function of circulating body fluid in the wing channels. It 
has been suggested that circulation in these appendages is directly con-
cerned with respiration. Transport of nutritive material to the wing 
tissues is another important function. Wing circulation is also demanded 
in keeping wings in their normal, healthy condition. In addition, the 
shifting patterns and volumes of the wing channels in response to various 
activities of the body indicate their dynamic role in the physiological 
activity of the organism as a whole. 
CONCLUSIONS 
1. An active circulation of hemolymph occurs in the tegmina and 
hind-wings of the German cockroach, Blattella germanica L. 
2. In general, the main afferent currents are restricted to costal and 
radial channels, and to proximal medial and cubital channels. The 
important efferent channels are in distal medial and cubital channels, and 
vannal channels. These afferent and efferent routes, especially pro-
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nounced in the tegmina, are connected by intermediate cross-channels. 
This general pattern is not so well defined in the hind-wings where 
direction of flow varies more widely. 
3. Certain constant differences in circulatory paths exist between 
tegmen and hind-wing: 
a. In the tegmen the proximal postcubitus is not active; in the 
hind-wing it usually carries an efferent stream. 
b. In the tegmen the proximal remigial intermediate zone con-
nects afferent and efferent currents of the media and cubitus, and 
returns the hemolymph to the pulsatile organ by way of the vannals; 
in the hind-wing not all the hemolymph is transferred through the 
proximal intermediate zone into the vannals at the distal extremity. 
Some passes efferently along the Cu2, postcubitus, and vena dividens, 
and then empties into the basal sinus. From there it may either enter 
vannal channels at their base and pass afferently, or the basal sinus 
hemolymph may go directly to the pulsatile organ. Hemolymph 
which passes afferently in the vannals will return to the jugum by 
more posteriorly situated vannals. Most of the hind-wing remigial flow 
to the vannals through the proximal remigial zone passes toward the 
jugum in the seven branches of the first vannal channel. 
4. Secondary currents-that is, temporary flow in certain channels-
may occur in either tegmina or hind-wings, though not as often in the 
former. In the tegmen they occur only in the vannal channels and carry 
hemolymph directly from the hemocoele, through the basal fold channel, 
into the vannals (Fig. 2, E) . The same basal channel flow may be found 
in the hind-wing (Fig. 3, B). In addition, other secondary currents in the 
hind-wing are due to cubital and postcubital flow from the remigium 
(Fig. 3, C) . These are distinct from currents originating in the hemocoele 
and going directly to the vannals through the basal fold. 
5. The anterior separation and posterior fusion of dorsal and ventral 
surfaces of the articular membrane are important in maintaining hemo-
lymph flow through the wings. This arrangement in the membrane, along 
with the action of the pulsatile organs, apparently make possible a 
pressure difference between out-flowing hemolymph and in-flowing hemo-
lymph. The anterior separation (anterior sinus) allows direct con-
tinuity between hemolymph in the hemocoele and afferent wing channels, 
whereas hemolymph in efferent channels has connection with the main 
volume of body fluid only through the valvular pulsatile organ. It is 
possible, and has been suggested by other writers, that the pulsatile organ 
aspirates hemolymph from the efferent channels. If this is true, it would 
make for further pressure differences between afferent and efferent wing 
hemolymphs at their contact with the thoracic hemolymph. 
6. Circulation of hemolymph through the wings of the German roach 
is necessary to maintain the wings in a flexible condition and to bring 
about normal pigmentation. Since the wings contain various tissues, 
hemolymph undoubtedly carries nourishment to, and wastes away from, 
these tissues. Wings with impaired circulation often contain bubbles of 
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gas. It is suggested that these are an indication of interference with ex-
change of respiratory gases. Thus the passage of gases through wing 
surfaces may be closely related to respiration in the roach as well as in 
certain Lepidoptera. 
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FUNGI ASSOCIATED WITH TREE CANKERS IN IOWA 
II. DIAPORTHE, APIOPORTHE, CRYPTODIAPORTHE, PSEUDO-
V ALSA AND THEIR RELATED CONIDIAL FORMS1 
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In a previous paper (7) a preliminary report was made of a survey of 
the fungi associated with tree cankers in Iowa. Since that time more 
intensive study has been made upon some of these collections, and the 
genus Diaporthe, with the related genera, Apioporthe, Cryptodiaporthe, 
and Pseudovalsa, have been reinvestigated in the light of the recent mono-
graph of this genus by Wehmeyer (20). All species in these three genera 
which have been found in Iowa are reported; together with the species of 
the form-genera Phomopsis and Coryneum, which are associated with 
Diaporthe and Pseudovalsa as conidial stages. 
In the genus Diaporthe, as in many other genera of Ascomycetes, 
there has been very little accord among mycologists as to the species limits. 
Since Diaporthe is the ascigerous stage of Phomopsis, which causes serious 
disease conditions in a wide range of host plants, a tendency arose to place 
too great significance on host relations and to erect new species whenever 
an unreported host was found. Wehmeyer (20), having studied the 
species in culture, has founded his treatment of the species entirely upon 
morphological grounds and has simplified the mycological situation and 
cleared the way for further contributions in this group. 
The genus Diaporthe as emended by Wehmeyer (20) contains those 
species of the Diaporthaceae in which the perithecia are formed within 
the substratum of the host and break through to the surface by means of 
a more or less elongated perithecial neck. These perithecia may be 
scattered dngly over the surface, irregularly clustered, or definitely 
oriented into groups, within an area which shows, at least at some points, 
a marginal blackening of the tissues. Asci are clavate to clavate-cylindric, 
with a refractive ring in the thickened apical wall, and sessile. They are 
soon freed from their attachment by dissolution of the basal portion, and 
then lie free within the perithecium. Paraphyses are broad, band-like; 
present at first but disappearing with maturity. Spores are fusoid-
ellipsoid to cylindric, straight, inequilateral or curved, two-celled, hyaline, 
sometimes appendaged and bi- or uniseriated in the ascus. 
The conidial stage is referable to the form-genus Phomopsis, charact-
erized by its pycnidium which has a rather thick, blackened pseudo-
parenchymatous wall and by the presence of two types of conidia, the 
ellipsoid conidia (alpha spores) and the long scolecoform stylospores 
1 Journal Paper No. J-687 of the Iowa Agricultural Experiment Station, Ames, 
Iowa, Project No. 450. 
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(beta spores). These pycnidia are usually formed in the ectostromata 
before the perithecia are present. 
Twelve species of Diaporthe have been collected in Iowa; Diaporthe 
arctii (Lasch.) Nit., D. eres Nit., D. spiculosa (Alb. and Schw.) Nit., D. 
viburni Dearn. and Bisby, D. prunicola (Pk.) Wehm., D. decedens (Fr.) 
Fckl., D. padi Otth., D. acerina (Pk.) Sacc., D. pruni Ell. and Ev., D. 
leiphaemia var. Raveneliana (Thi.im. and Rehm) Wehm., D. tessella 
(Pers.) Rehm., and D. tiliacea (Ell.) Hohn. 
The genus Cryptodiaporthe as emended by Wehmeyer (20) includes 
those species of Diaporthaceae which possess a rather weak stromatic 
development, and have no blackened zones within the substratum. 
Conidial stages may be variously formed. 
The genus Apioporthe as emended by Wehmeyer (20) includes those 
forms which have perithecia like Diaporthe, but in which the entostro-
matic development is scanty with no marginal zones within the sub-
stratum. The ectostroma is variously formed. The spores are hyaline and 
unequally two-celled. 
Pseudovalsa, on the other hand, usually shows a well-developed 
marginal zone about the clustered perithecia. The spores are hyaline or 
colored and more than two-celled. They may be appendaged. 
The descriptions of the species of Diaporthe, Cryptodiaporthe and 
Apioporthe were taken from Wehmeyer (20), those of Pseudovalsa from 
Wehmeyer (18) and those of Phomopsis from Diedicke (1) except P. 
stewartii Pk., P. mali Roberts, P. vexans (Sacc. and Syd.) Harter, and P. 
juniperovora Hahn which were taken from the descriptions by the original 
authors. 
A key to the Iowa species, followed by their descriptions: 
A . Conidia present. 
B. Conidia in pycnidia; of two sorts ........ ...... .. .... .. .. 5. Phomopsis 
B. Conidia in acervuli; of a single sort ... ........... .... 6. Coryneum 
A. Ascospores present. 
B. Ascospores more than two-celled ... .. .. .............. . 4. Pseudovalsa 
B. Ascospores two-celled 
C . Strama without blackened marginal zones ...... 2. Cryptod1aporthe 
C. Strama with blackened marginal zones 
D. Ascospores equally divided .... .. ..... ...... .. ..... .. ...... 1. Diaporthe 
D. Ascospores unequally divided .......... ... ............... 3. A pioporthe 
1. Diaporthe 
A. Perithecia scattered ... ... ... .... ... ...... ...... .... ... ........ ..... ... . Effiisae 
B. On herbaceous stems ... ..... .... .. ..... ...... .. ......... ... ... .. I. D. arctii 
B. On woody stems 
C. Spores 1.5-3µ in diameter ........ ... ..... ........ .. .... 5. D. prunicola 
C. Spores 2.5µ or more in diameter. 
D. Spores 9-15µ in length. 
E. Perithecia scattered .. ......... .. ........... .... 2. D. eres 
E. Perithecia clustered. 
F. Spores fusoid .. .......... .. .. .. ... ..... .... .... 3. D. spiculosa 
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D. Spores 12-18µ in length. 
E. Perithecia scattered, 240-400µ in 
diameter ................................................ 4. D. viburni 
E. Perithecia tending to be clustered, 
480-720µ in diameter .......................... 6. D. decedens 
A. Perithecia gathered into groups .............................. Pustulatae 
B. Ectostromata strongly developed as a cone or 
pulvinate grayish disk 
C. Ventral zone definitely present in bark 
or wood .............................................................. 9. D. pruni 
C. Ventral zones not present in wood ............. .10. D. leiphaemia 
B. Ectostromata poorly developed 
C. Spores not more than 5.5~t in diameter. 
D. Entostromata limited in area. Perithe-
ceia definitely clustered .......................... 8. D. acerina 
D. Entostromata not limited in area. 
Spores straight ... ... ...................... .............. 7. D. padi 
C. Spores reaching in diameter greater than 
5.5µ 
D. Spores appendaged .................................. 11. D. tessella 
D. Spores not appendaged ............................ 12. D. tiliacea 
2. Cryptodiaporthe 
A. A single species ......... ..................... .... ...... .................... 1. C. aculeans 
3. Apioporthe 
A. Stromata small, as a minute disk.............. ..... ....... ... 1. A. apiospora 
A. Stromata larger, elongate, 1-5 x 12 mm. ............... 2. A. anomala 
4. Pseudovalsa 
A. Spores fusoid .... .............. .... .......................................... 1. Ps. longipes 
A. Spores rounded at ends, appendaged ...................... 2. Ps. ulmi 
5. Phomopsis 
A. On herbaceous hosts. 
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B. On Plantago .. ..... .. ... .. ..... ....... .. ..... ....... ... ..... .... .. ...... 1. Ph. subordinaria 
B. On Cosmos ... .... ....... ......... ......... .... .. .. ...... .. .... .... .... .. 2. Ph. stewartii 
B. On Solanum .................... ... ........................ ............. 3. Ph. vexans 
B. On conifers 
C. On Juniperus ............ .... ..... ...... ..... ....... ........... 4. Ph. juniperovora 
C. On Pinus ............... .................... ....... .. .............. 5. Ph. conorum 
B. On deciduous hosts. 
C. On Acer ... .. ....... .... ......... ... ............. ...... . ............ 6. Ph. acerina 
C. On Pyrus .......................................................... 7. Ph. rnali 
C. On Salix .... ................ ................ ........................ 8. Ph. salicina 
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6. Coryneum 
A. On deciduous hosts 
B. On Quercus ........ ............ ........... ................ ........ ..... 1. C. kunzei 
B. On Castanea ........... ......... ... ... .. ..... ................ ........... 2. C. pustulatum 
A. On conifers 
B. On Juniperus ....... .... ........... .... .............................. 3. C. juniperinum 
1. DIAPORTHE (Nit.) Wehm. 
Perithecia formed within the substratum, erumpent to the exterior 
through an ectostroma or directly through the overlying tissues by means 
of a more or less elongated perithecial neck, scattered singly, irregularly 
clustered or in definitely oriented groups, formed within an area of ento-
stromatic development which shows a marginal blackening of the tissues, 
at least at some points. Asci clavate to clavate-cylindric, with a refractive 
ring in the thickened apical wall, sessile, soon freed from their attachment 
by dissolution of the basal portion and coming to be free within the peri-
thecium. Paraphyses broad, bandlike, present at first, but disappearing 
with maturity, spores fusoid-ellipsoid to cylindric, straight, unequilateral 
or curved, two-celled, hyaline, sometimes appendaged, and biseriate to 
uniseriate in the ascus. 
1. Diaporthe arctii (Lasch) Nit. 
Plate I. Figs. 1-4 
Entostromata normally widely effuse and indefinitely outlined. Ap-
pearing on the surface as slightly, irregularly or heavily blackened, widely 
effuse or confluent areas. Dorsal blackened zones usually developed on 
the bark surface but often masked by the overlying epidermis. Ostioles 
cylindric, erumpent singly or in small loose groups. Ventral zone present 
at least at the margin of the fruiting areas. Perithecia spheric or some-
what flattened, 280-480 x 160-320~t, usually buried in the wood. Asci 
clavate, with a r efractive ring in the apex, 47-60 x 7-10µ. Spores biseriate, 
fusoid-ellipsoid, straight or more or less inequilateral or curved, t ·.vo-
celled, hyaline, constricted at the septum when mature, 12-15 x 2.5-4µ. 
On Asclepias syriaca L. Decorah: Holway July, 1884; (Diaporthe 
asclepiadis Ell. & Ev.) (4) 
On stems of some composite plant. Decorah: Holway July, 1892. 
On Asclepias syriaca L. Decorah: Holway July, 1884; (Diaporthe 
eburensis Sacc.) (4) 
On dead stem of Chenopodium sp. Ames: Gilman March, 1925. 
(Diaporthe euspina (C. & E.) Sacc.) 
2. Diaporthe eres Nit. 
Plate I. Figs. 5-8 
Entostromata widely effuse, usually over wide areas. Appearing upon 
the surface as small pustulate ruptures or angular perforations of the 
/ 
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periderm, often exposing the blackened surface of the bark or ectostro-
mata. Ostioles short cylindric, erumpent singly or in small loose clusters. 
Surface of the bark usually blackened, ventral zones always present at the 
margins of the fruiting areas and usually more or less complete beneath. 
(In the Iowa specimens the ventral zone is absent.) Perithecia spherical 
or flattened 240-800 x 160-500µ, scattered singly, buried in either the bark 
or the wood. Asci clavate, with a refractive ring in the apex, 40-60 x 5-8~t. 
Spores biseriate, hyaline, long, narrow-fusoid, or often inequilateral, two-
celled, fusoid, constricted at the septum, 9.5-15 x 2.5-4µ at maturity. 
On Cornus paniculata l'Her. Decorah: Holway June, 1892. (Diaporthe 
cornicola Ell. & Holw.) (5) 
On Acer sp. (soft maple): Iowa City, G. W. Martin Oct. 1924. 
3. Diaporthe spiculosa (Alb. & Schw.) Nit. 
Plate I. Figs. 9-12 
On surface as compact circular, pustulate disks of cylindric ostioles. 
Stromata widely effuse. Dorsal zone often faint or definitely absent. No 
ventral zone present. Perithecia 200-500µ in diameter, definitely clustered 
in small groups and collectively erumpent. Asci clavate, with refractive 
ring in the apex, 40-47 x 6-9µ. Spores biseriate, fusoid-ellipsoid, two-
celled, hyaline, 12-15 x 2.5-4µ. 
On Juglans cinerea L. Decorah: Holway July, 1882. (Valsa bicincta 
C & P. Holway June, 1892. (Ell. & Ev. N. A. F. 2817.) (Diaporthe 
bicincta (C & P.) Sacc.) 
4. Diaporthe viburni Dearn. & Bisby. 
Plate I. Fig. 13-16 
Appearing on the surface as numerous crowded, papillate pustules, 
0.1-0.2 mm .in diameter, through which short ostioles are barely erumpent, 
singly or in small groups. Dorsal blackening entirely absent or present 
merely as a blackening above the perithecia, or as short patches of a 
dorsal zone dipping into the bark. No ventral zone present. Perithecia 
240-320µ in diameter, thickly but irregularly scattered, erumpent singly 
or in small groups. Asci clavate, with a refractive ring in the apex, 
55-67 x 8-12µ. Spores biseriate, fusoid-ellipsoid to oblong-ellipsoid, two-
celled ,hyaline, slightly constricted at the septum at maturity, 14-18 x 4-6µ. 
On Viburnum lentago L. Decorah: Holway June, 1882. (Diaporthe 
Beckhausii Nit.) 
5. Diaporthe prunicola (Pk.) Wehm. 
Plate I. Figs. 17-20 
Appearing on the surface as circular or laterally elongate, pustulate 
ruptures of the periderm, through which are erumpent the compact disks 
composed of fascicles or stout-cylindric, punctate ostioles. The surface of 
the bark is characteristically blackened and covered with numerous small, 
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black, carbonaceous papillae. The entostromata are evenly effuse, with 
the dorsal blackening on the bark surface, but the clustered perithecia 
cause pustulate swelling of the entostromata. There is a ventral zone in 
the wood. Perithecia 400-720 x 320-600µ, in definite clusters within pustu-
late swollen areas of the entostroma. Asci clavate, 40-55 x 6-8µ. Spores 
biseriate to triseriate, oblong-cylindric, with rounded ends, hyaline and 
one-celled at first, becoming two-celled at full maturity, straight or slightly 
curved, very slightly if at all constricted, four guttulate, 11-13 x 1.5-2µ. 
On Prunus Sp. Decorah: Holway May, 1892. (Diaporthe Pruni Ell. & 
Ev.) 
On Prunus americana Marsh. Decorah: Holway May, 1888. (Dia-
porthe cylindrospora Pk.) 
6. Diaporthe decedens (Fr.) Fckl. 
Plate II. Figs. 25-28 
When young, appearing on the surface as numerous small, circular, 
pustulate, ectostromatic disks 0.2-0.4 mm. in diameter, through which the 
papillate ostioles become separately erumpent, forming scattered groups. 
No blackened zone occurs in either bark or wood. Perithecia spherical or 
flattened, 480-720 x 320-480µ, in loose clusters but always separately 
erumpent. Asci clavate, with a refractive ring at the apex, 65-85 x 10-15µ. 
Spores fusoid ellipsoid, and variable in size, 13-22 x 3.5-6µ. Faint hyaline 
appendages are sometimes present on the spores. 
On Corylus sp. Decorah: Holway, June, 1892. (Ell. & Ev. N.A.F. 2818) 
This species was also reported from Iowa by Ellis and Everhart (4) as 
Diaporthe tessera (Fr.) Fckl. 
7. Diaporthe padi Otth. 
Plate II. Figs. 35-38 
On the surface as circular to fusoid, pustulate disks 0.2-1 mm. in 
diameter, consisting of a compact cluster of short, stout, cylindric, punctate 
ostioles. Entostromata normally pustulate-effuse, sometimes evenly effuse 
when the perithecial clusters are crowded, rarely isolate. Dorsal zone 
dipping to the bark between perithecial groups. Ventral zones absent, 
greenish or yellowish discolorations sometimes seen in the wood. Peri-
thecia usually definitely clustered, sometimes irregularly crowded, 320-
640 x 240-400µ, often causing pustulate swelling of the entostromata, 
collectively erumpent. Asci clavate, with a refractive ring in the apex, 
60-75 x 7-10µ. Spores biseriate, fusoid-ellipsoid, two-celled, hyaline, con-
stricted at the septum, 13-19 x 2.5-4µ. 
On Prunus hortulana Bailey Ames: Miller September, 1924. (Dia-
porthe prttni Ell. & Ev.) 
8. Dia port he acerina (Pk.) Sa cc. 
Plate II. Figs. 39-42 
Appearing on the surface as numerous pustulate ruptures of the peri-
derm through which the short, stout-cylindric ostioles are barely erumpent 
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entiated, widely extended or often more or less limited in area. Dorsal 
zone definite, dipping into the back between the perithecial groups. 
Ventral zone definite and complete within the wood. Perithecia 300-500 x 
225-300µ, irregularly scattered or in loose groups within the pustulate 
areas but usually collectively erumpent. Asci clavate with a refractive 
ring in the apex, 60-73 x 7-10µ, spores biseriate, fusoid-ellipsoid, two-
celled, hyaline, not constricted except at full maturity, 12-15 x 3-5µ. 
On Acer saccharinum L. Grand River: Stark September, 1933. 
Wehmeyer (20) states that this species is confined to Acer spicatum 
Lam. Our material is most closely like the descriptions of this species. 
Very possibly the host was erroneously determined by the collector. 
9. Diaporthe pruni Ell. & Ev. 
Plate II. Figs. 29-34 
Appearing on the surface as pustulate, conic, mostly laterally elongate 
stromata with a central circular to elliptic, whitish to blackened disk, 
1-1.5 x 0.3-0.7 mm. in diameter, through which the cluster of cylindric 
ostioles is erumpent. Entostromata pustulate-effuse, dorsal zone dipping 
to the wood between the perithecial clusters and inclosing the lighter-
colored, differentiated, entostromatic areas, within which the perithecia 
are clustered beneath a well developed grayish to greenish ectostroma. 
Ventral zone definite within the wood. Perithecia 500-700 x 300-500µ, 
usually partly or entirely sunken in the wood. Asci clavate, 65-92 x 6-10µ. 
Spores biseriate, fusoid-ellipsoid, two-celled, hyaline, constricted at the 
septum, 15-20 x 4-5.5µ, on with a short thick, hyaline, evanescent appen-
dage, 4-8µ in length, at each end of the spore. 
On Prunus sp. (Black cherry). Decorah: Holway May, 1892. 
The species of Diaporthe on Prunus have been much confused. Of the 
three collections cited by Gilman and Archer (6) under Diaporthe prnni 
Ell. & Ev. only one remains under this name. The other two are referred 
to D. padi and D. prunicola, respectively. 
10. Diaporthe leiphaemia var. raveneliana 
(De Thu em. and Rehm.) W ehm. 
Plate IL Figs. 21-24 
Appearing upon the surface as well developed pulvinate ectostromata 
which have ruptured the periderm in an angular fashion, exposing the 
erumpent, circular to angular orange-yellow to brownish disks, which 
become cracked and roughened in age. Ostioles scarcely erumpent. No 
blackened dorsal zone was apparent. Perithecia radially elongated 240-
480 x 320-640µ, definitely clustered beneath the ectostromatic disks and 
surrounded by a rich development of ectostromatic mycelium. Asci 
clavate with a refractive ring in the apex, 55-65 x 6-9µ. Spores biseriate, 
fusoid, ellipsoid, hyaline, two-celled, slightly constricted at the septum, 
12-15 x 4-6~t. 
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On Quercus sp. Decorah: Holway, May 1833 (Valsa leiphaemia Fr.) 
This species was reported from Iowa as Diaporthe taleola (Fr.) Sacc. 
by Ellis and Everhart. (4) 
11. Diaporthe tesseUa (Pers.) Rehm (4) 
Plate III. Figs. 43-45 
Visible on the surface as clusters of separately erumpent, black, 
papillate ostioles, which are usually groups about a minute perforation of 
the periderm which exposes a blackened ectostromatic disk 0.2-0.4 mm. in 
diameter. The perithecia are irregularly spherical, 400-725µ in diameter 
and occur singly or in groups of 2-8 within pustulate stromatic areas 1-4 
mm. in diameter. A sharp black zone extends from the margins of the area 
into the bark tissue. When the entostromata are isolated, this dark zone 
continues along the lower bark surface between stromata. There is no 
ventral zone within the wood. The perithecia are separately erumpent 
through the periderm. Asci clavate, with a refractive ring at the apex, 
110-115x18-21µ. The spores are fusoid-cylindric, usually curved or bent 
at the septum, two-celled, hyaline, constricted at the septum, 35-55 x 7-9µ, 
and often possess a faint, short, hyaline appendage at each end. 
On Salix sp. Decorah: Holway May, 1892. 
12. Diaporthe tiliacea (Ell.) Hohn. 
Plate III. Figs. 46-48 
Appearing on the surface as numerous minute conic, pustulate rup-
tures of the periderm exposing a disklike cluster of short or somewhat 
elongated, cylindric black ostioles. Disks 0.1-0.6 mm. in diameter. 
Perithecia spherical or radially elongated, 320-600 x 320-560µ, grouped in 
clusters of 3-15 within slightly differentiated entostromatic areas, which 
are usually bounded by a more or less definite dorsal and lateral blackened 
zone, which is irregularly pustulate about the confluent stromata. There 
is usually a broad brownish discolored ventral zone within the wood. 
Asci clavate, with a refractive ring in the apex, 90-120x13-20µ. Spores 
biseriate, fusoid-ellipsoid, straight or slightly curved, constricted at the 
septum, 24-39 x 6-9.5µ. 
On Tilia americana L. Decorah: Holway May, 1892 (Ell. & Ev. N.A.F. 
2826). 
This species was described by Ellis (3) from Iowa material collected 
by J. C. Arthur at Ames, October, 1882, as Diatrype tiliacea; later Ellis 
and Everhart ( 4) transferred it to the genus Melanconis. 
2. CRYPTODIAPORTHE (Petrak) Wehm. 
Perithecia immersed in the bark, more or less irregularly scattered or 
in definite clusters, but usually with convergent ostiolar necks which are 
erumpent through the periderm or through variously formed ectostromata. 
Ectostromata scantily developed or as definite conic to pulvinate erumpent 
disks, or as a loose weft of hyphae causing broad angular ruptures of the 
j 
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periderm. Entostromata very scanty or as a rich development of hyphae 
about the perithecia, often forming definitely oriented stromata. No 
blackened marginal zones within the substratum. Asci clavate, often with 
a refractive ring in the apex and with a tapering base which is evanescent. 
Spores hyaline, two-celled, ellipsoid to fusoid, straight or curved and often 
appendaged. Conidial stages various. 
1. Cryptodiaporthe aculeans (Schw.) Wehm. 
Plate III. Figs. 53-56 
Appearing upon the surface as pustules containing dense fascicles of 
elongate-cylindric ostioles, erumpent through a disk which may be 
obliterated by the ostioles. Perithecia are spherical, 260-480 x 250-400µ, 
with long slender necks and thickly clustered beneath the ectostromatic 
disks. No blackened zones occur in the substratum. Asci clavate, 47-65 x 
5-8µ. Spores biseriate, long fusoid-ellipsoid, two-celled, hyaline, con-
stricted at the septum, 12-18 x 2.5-3µ and usually with a short, hyaline 
appendage at each end. 
On Rhus glabra L. Decorah: Holway July, 1884. (Valsa culeata Sz.) 
3. APIOPORTHE (Hohn.) Wehm. 
Perithecia immersed in the substratum, usually clustered. Entostro-
matic development scanty or variously developed as a mycelial weft or 
definite stromatic tissue about the perithecia. Ectostromata also various. 
Tissues above the perithecia sometimes blackened, but no definite mar-
ginal zones within the substratum as Diaporthe. Asci clavate, with a 
refractive ring in the apex, stalks evanescent. Spores hyaline, unequally 
two-celled, fusoid to pyriform, commonly tapered toward one end, which 
contains the smaller cell. Conidial stage consisting of variously shaped 
cavities formed within a stromatic pycnidial tissue by the simultaneous 
breaking up of the hyphae, in these !ocular areas, into conidia without 
the formation of a definite hymenium. 
1. Apioporthe apiospora (Ell. & Holw.) Wehm. 
Plate III. Figs. 49-52 
Barely visible on the surface as minute pustules with a small central, 
blackened disk composed of a cluster of a few barely erumpent ostioles. 
There are no blackened zones within the substratum. Perithecia 240-320µ 
in diameter, found in small groups in the surface layers of the bark. 
Perithecial walls thick (24-35,_L), membranous, black. Walls of several 
perithecia often fused together to form a stroma-like structure. Ostioles 
collectively erumpent. Asci 75-80 x 8-lO~l. Spores obliquelv uniseriate 
to sub-biseriate, ellipsoid-ovoid, narrower toward one end, unequally 
two-celled hyaline constricted at the septum, 11-14 x 2.5-5.5µ. 
On Ulmus sp. Decorah: Holway May, 1892. (Diaporthe a?Jiospora ElL 
& Holw.) 
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2. Apioporthe anomala (Pk.) Hohn. (4, p. 531) 
Plate III. Figs. 57-58 
Pustules prominent, longitudinally elongate blackish disks, rupturing 
the periderm, 2-5 mm. in length and about 2 mm. in diameter, and showing 
the blackened circular, slightly sulcate ostioles. Perithecia elongate 
crowded in the blackened stroma and reaching to the wood. Asci clavate, 
33-42x10-12µ. Spores biseriate, ellipsoid with a somewhat pointed end 
which is composed of a minute cap-like second cell, 10-12 x 4µ. 
On Corylus americana Walt. Decorah: Holway September, 1882. 
Compare Ell. & Ev. N.A.F. 1185. 
Ellis and Everhart (4) report this fungus from Iowa as Cryptospora 
anomala (Pk.) E. & E. 
4. PSEUDOV ALSA Ces. & Denot. 
Ectostromata strongly developed, dark colored, Entostroma within 
the area of bark tissue, at first eliminated by a blackened marginal zone. 
Ascospores more than two celled, and two to three seriate within broad 
clavate asci. The conidial stage is referable to the form genus Coryneum. 
1. Pseudovalsa longipes (Tul.) Sacc. 
Plate III. Figs. 61-64 
Appears on the surface as small conical pustules, caused by the forma-
tion of the small ectostromatic disk beneath the peridem. The periderm is 
ruptured irregularly and the blackened disk with the small papillate 
ostioles is exposed but scarcely erumpent. Perithecia small, spherical, 
320-450µ in diameter, surrounded by a blackened zone of tissue. Asci are 
stout to elongate-clavate 100-150 x 13-25µ. Spores 2-3 seriate in the ascus, 
long cylindrical, straight or somewhat curved, acute at the ends at first , 
finally blunt; hyaline at first, becoming brown at maturity; 4-8 celled, 
constricted at the septa at maturity, 45-75 x 5.5-11µ. 
Conidial stage consisting of large acervuli with conidia, cylindric-
clavate to irregular-fusoid, straight or variously curved or bent, yellow-
brown, 3-8 septate, 47-104 x 10-14µ and belonging to the form genus 
Coryneum and referred by Tulasne (16) to Coryneum kunzei. 
On Quercus imbricaria Michx. Albia: Burnett October, 1933. 
On Quercus riibra L. Ledges State Park: Lee September, 1933. 
2. Pseudovalsa ulmi W ehm. (22) 
Plate III. Figs. 65-67 
Appears on the surface as small conical pustules 1-1.5 mm. in diameter 
caused by the formation of the ectostromatic disk beneath the periderm. 
The center of the disk is raised at the center by the compact cluster of 
black papilliform ostioles. Perithecia small, 6-10 in a pustule, 300-350~t in 
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diameter entirely submerged in the bark and not penetrating to the 
wood. Asci clavate to obovate 75-150 x 25-60µ, obscurely paraphysate, 
8-spored. Spores inordinate, oblong, slightly curved and subinequilateral, 
four-celled 25-45 x 18-22µ, hyaline, at first; on maturity the center cells 
become olive brown with lighter end cells, each with a cylindrical hyaline, 
straight or curved appendage, 12-20 x 5-6µ. 
On Ulmus fulva Michx. Atlantic: Butler September, 1933. 
5. PHOMOPSIS Sacc. 
Pycnidia with a broad base, lens-, barrel-, bolster-form to spherical, 
from sclerotial tissue, hyaline below, darkened and thicker above, with 
variously shaped mouths. Locules often divided into partial chambers by 
lateral or basal protrusions of the tissue. Spores elongate, ovoid, or fusoid, 
typically with two oil-drops. Sporophores thread-like or pear-shaped, 
usually longer than the spores, hyalin. In addition to these spores there 
occur in some species thread-like spores which are curved or hamate. 
1. Phomopsis subordinaria (Desm.) Trav. 
Plate V. Figs. 78-81 
Stems of the host plants bleached over the affected area, very often 
sharply bent upwards at the tip. Pycnidia gregarious, often arranged 
almost serially, elongated in the direction of the longitudinal axis of the 
stem; in section lens-shaped, formed of sclerotial tissue, dark red-brown, 
thicker at the apex, with an ostiole; about 500µ long, 240µ wide, 150µ high. 
Alpha spores spindle-shaped, with two oil drops, 7-9µ long, 2-3µ thick. 
Sporophores pear-shaped, 15µ long, 1.5µ thick, hyaline. 
On Plantago aristata Michx. Conesville: Archer 1927. 
Wehmeyer has shown this fungus to be the conidial stage of 
Diaporthe arctii. 
2. Phomopsis stewartii Pk. 
Plate V. Figs. 82-85 
Pycnidia gregarious, commonly occupying grayish or brown spots, 
thin subcutaneous, at length erumpent, depressed, minute, 1/3-1/ 2 mm. 
broad, black; spores of two kinds, alpha spores oblong or subfusiform, 
hyaline, commonly binucleate, 8-12 x 2-3µ; beta filiform curved, flexuous 
or uncinate, hyaline 16-25x1-1.5µ; sporophores slender, equal to or 
shorter than the spores. 
On Cosmos sp. (cult.) Homestead: Archer and Haskell 1927. 
On Cosmos bipinnatus Cav. Ames: Elmer 1924. 
The ascigerous stage of this fungus has been found, as reported at the 
Pittsburgh meeting of the American Mycological Society by A. L. 
Harrison, to be closely related to Diaporthe phaseolorum. He has since 
described it as Diaporthe stewartii (10). 
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3. Phomopsis vexans (Sacc. and Syd.) Harter 
Plate V. Figs. 86-89 
On the foliage and stems, pycnidia loosely gregarious in more or less 
definite spots, on fruit compact, at first buried, later erumpent, black 
without, beaked, flattened or irregular in shape, on leaves and stems 
60-200µ broad, on fruit 120-350µ broad; Alpha spores sybcylindrical, 
somewhat acute, continuous hyaline, two guttulate, rarely three, 5-8 x 
2-28µ; beta spores filiform, curved, rarely straight, 13-28µ long. Sporo-
phores simple short, straight or slightly curved. 
On Solanum melongena L. (cult. eggplant) Muscatine; Porter, 1920. 
Harter (12) notes in his paper on the Diaporthe on lima bean that the 
Phomopsis on eggplant is very like the conidial stage of Diaporthe 
batatatis Harter and Field. Wehmeyer (20) reduces this latter species to 
a variety of Diaporthe phaseolorum. 
4. Phomopsis juniperovora G. Hahn 
Plate V. Figs. 90-93 
Pycnidia lens-shaped, conical, truncate or at times subglobose with a 
broad base, 124-310µ in diameter. (Upon the stem of the pycnidia may 
have rudimentary partitions arising from the floor of the cavity.) Alpha 
spores oblong or ellipsoid, with subacute extremities, usually biguttulate, 
hyaline, continuous, 6.5-12 x 1.8-3.5µ; beta spores, long filamentous, 
curved or hooked hyaline 20-24x1-1.5µ. Sporophores filiform, linear, 
2-15 x 1-2µ in compact layers. 
On Juniperus virginiana L. Ames: Archer 1927; Shenandoah: Wilson 
1925. 
5. Phomopsis conorum (Sacc.) Died. 
Plate IV. Figs. 94-96 
Pycnidia ectostromatic, not associated with a perithecial entostroma, 
simple or compound, imbedded, partially erumpent; black carbonaceous, 
cone-shaped, lenticular, subglobose or truncate, with or without a definite 
ostiole; inner pycnidium of the simple fruit body; unilocular, cavity 
formed in one plane with a thickened layer of pseudoparenchymatous 
tissue above and with protrusions from the side wall and the base of the 
fruit body, hymenium lining the cavity more or less convoluted giving 
rise to sporophores; compound pycnidium; multilocular, chambers also 
tending to form and fuse in one plane, 0.1-2 x 0.1-0.8 mm. Spores of three 
types, alpha, beta and intermediate; alpha type hyaline, unicellular, 
generally spindle-shaped with acute or subacute, gently rounded ex-
tremities, rarely elliptical, extreme range 6.2-14.6 x 2.5-4.7µ commonly 
7.5-12.4 x 2.5-3.7µ with two guttules; beta type hyaline unicellular, fila-
mentous, pronouncedly curved, hamate horseshoe-shaped rarely straight, 
commonly 20.2-24.1 x 1µ with several minute guttules. 
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On Pinus strobus L. Henry Co.: Hendershott September 1933. Gar-
field: Sylvester 1933. Page Co.: Ellis September, 1933. 
On Pinus sylvestris L. Winnebago Co.: Beatty Dec., 1933. 
6. Phomopsis acerina W ehm. 
Plate V. Figs. 74-77 
Pycnidia thickly gregarious, often touching and almost confluent, 
covered by the epidermis, erumpent only at the tip, irregularly lens-
shaped, sometimes with band-shaped ostiolar papillae, of black-brown, 
interiorly bright, sclerotial tissue, up to 500µ in diameter. Alpha spores 
spindle-shaped with two oil drops, 8-10µ long, 3µ thick, hyaline. Sporo-
phores thread or pear-shaped, a little longer than the spores. Beta spores 
were not observed. 
On Acer sp. (cult. maple seedlings) Shenandoah: Muncie and Bliss 
1927. 
This species was identified by Gilman and Archer (6) as Phomopsis 
lebiseyi (Sacc.) Died. which is the conidial stage of Cryptodiaporthe 
lebiseyi. However, Wehmeyer has confined that species to a European 
distribution and refers the American species to Diaporthe acerina (Pk.) 
Sacc. Our pycnidial stage answers the description of the Phomopsis 
described by Wehmeyer (20) for this species. Hence we are referring to 
it under the name Phomopsis acerina W ehm. 
7. Phomopsis mali Roberts 
Plate V. Figs. 97-100 
Pycnidia subglobose, scattered, gregarious or in a stroma, black, 
carbonaceous plurilocular, ostiolate. Alpha spores subfusoid, containing 
two oil drops, continuous hyaline, 7-10 x 3-4µ. Sporophores awl-shaped, 
20 x 2.5µ. Beta spores thread-like, hooked or S~shaped, attenuate, 
20-36 x 1.5µ. 
On Pyrus malus L. Ames: McNew March, 1934. 
8. Phomopsis salicina (W estend.) Died. 
Plate V. Figs. 101-102 
Pycnidia gregarious, covered by the epidermis, often confluent or 
bound in a stroma-like tissue, broadly lens-shaped or flat barrel-shaped, 
of sclerotial tissue somewhat thicker above, divided into semi-locules by 
partial floor and lateral partitions. Alpha spores long-spindle-shaped 
6-7 x 2-2.5µ, hyaline. Sporophores fasciculate, as long as the spores, 
thread-like. Beta spores were not observed. 
On Salix sp. Atlantic: Butler September, 1933. 
6. CORYNEUM Nees. 
Acervulus shield-shaped, or cushion shaped, erumpent through the 
bark, black, compact. Spores elongate, spindle or club-shaped, with two 
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or more septa, brown, not found in cirrhi. Conidiophores rod-shaped, of 
various lengths. 
1. Coryneum kunzei Corda 
Plate IV. Fig. 64 
Acervuli shield-shaped, flattened, erumpent, with thick black-brown, 
sclerotial parenchymatic basal stroma which becomes almost hyaline 
above, up to 1 mm. broad. Spores sub-clavate, spindle-shaped, somewhat 
curved, with seven oil drops and 6-9 septa, 60-70µ long, 12-14µ broad, dark 
olive brown, with the somewhat truncate end-cells usually hyaline. 
Sporophores thread-like, septate up to 120µ long, 3-4µ broad. 
On Quercus sp. Decorah: Holway 1882. 
On Quercus alba L. Albia: Alstatt 1933; Creston: Noecker October, 
1933. 
On Quercus imbricaria Michx. Mt. Pleasant: Hendershott, May, 1933. 
On Quercus rubra L. Ames: McNew September, 1933; Des Moines: 
Parsons September, 1933. 
On Quercus velutina Lam. Creston: Noecker October, 1933. 
This species is recognized as the conidial phase of Pseudovalsa 
longipes. 
2. Coryneum pustulatum Pk. 
Plate IV. Figs. 68-70 
Acervulus shield-shaped, flattened, erumpent, through a slightly 
broken fissure; spores long, subclavate or subfusiform, brown, 6-7 spetate, 
often curved, 62-75x10-12µ, sporophores short. 
On Castanea dentata (Marsh.) Borkh. Creston: Noecker August, 
1933; Atlantic: Butler September, 1933. 
This species is very like Coryneum kunzei from oak, differing chiefly 
in its slightly narrower spores and shorter conidiophores. Possibly this 
species is the conidial stage of Melanconis modonia Tul. which has a 
Coryneum associated with it. Another specimen collected by Butler from 
this same locality (Atlantic) showed the two together. 
3. Coryneum juniperinum Ell. 
Plate IV. Figs. 71-73 
Acervuli erumpent, forming dark brown, hemispherical, subconflu-
ent, tufts along the mid-vein of the living needles. Spores vermiform-cyl-
indrical, dark brown 6-8 septate, 35-40 x 6-8µ on short stout sporophores. 
On Juniperus communis L. Decorah: Holway, May, 1882. 
Excluded Species 
Diaporthe stictostoma (Ell.) Sacc. on Amelianchier canadensis ( 4) is a 
Cryptosporella. (p. 267) . 
Diaporthe carpinicola Fckl; on Carpinus sp. (Holway 1882) is Melanconis 
hyperopta (Nit.) Wehm. (p. 254). 
Diaporthe ostryae Dearn. on Ostrya virginiana is Melanconis ostryae 
(Dearn.) Wehm. (21) 
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PLATE I 
1- 4. Diaporthe arctii. 1. Habit (xlO). 2. Perithecium (x50). 3. Ascus (x500) . 
4. Ascospores (xlOOO). 
5- 8. Diaporthe eres. 5. Habit (xlO). 6. Perithecium (x50) . 7. Ascus (x500) . 
8. Ascospores (xlOO). 
9-12. Diaporthe spiculosa. 9. Habit (xlO). 10. Perithecia (x50). 11. Ase us 
(x500). 12. Ascospores (xlOOO) . 
13-16. Diaporthe viburni. 13. Habit (xlO). 14. Perithecium (x50). 15. Ase us 
(x500). 16. Ascospores (xlOOO). 
Figs.17-20. Diaporthe prunicola. 17. Habit (xlO). 18. Perithecia (x50). 19. Ascus 
(x500). 20. Ascospores (xlOOO). 
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Figs. 21-24. 
Figs. 25-28. 
Figs. 29-34. 
Figs. 35-38. 
Figs. 39-42: 
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PLATE II 
Diaporthe leiphaemia var. raveneliana. 21. Habit (xlO). 22. Perithecia 
(x50). 
Diaporthe decedens. 25. Habit (xlO). 26. Perithecium (x25). 27. Ascus 
(x500). 28. Ascospores (xlOOO). 
Diaporthe pruni. 29. Habit (xlO). 30. Perithecia (x25). 31. Ascus (x500) . 
32. Alpha conidia (xlOOO). 33. Beta conidia (xlOOO) . 34. Ascospores 
(xlOOO). 
Diaporthe padi. 35. Habit (xlO). 36. Perithecia (x25). 37. Ascus (x500). 
38. Ascospores (xlOOO). 
Diaporthe acerina. 39. Habit (xlO). 40. Perithecia (x25) . 41. Ascus 
(x500). 42. Ascospores (xlOOO). 
FUNGI ASSOCIATED WITH TREE CANKERS 147 
PLATE II 
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PLATE III 
Figs. 43-45. Diaporthe tesella. 43. Habit (xlO). 44. Ascus (x500). 45. Ascospores 
(xlOOO). 
Figs. 46-48. Diaporthe tiliacea. 46. Habit (xlO) . 47. Ascus (x500). 48. Ascospores 
(xlOOO) . 
Figs. 49-52. Apioporthe apiospora. 49. Habit (xlO). 50. Perithecia (x25). 51. Ascus 
(x500). 52. Ascopores (xlOOO). 
Figs. 53-56. Cryptodiaporthe aculeans. 53. Habit (xlO). 54. Perithecia (x25). 55. 
Ascus (x500). 56. Ascospores (xlOOO) . 
Figs. 57-60. Apioporthe anomala. 57. Habit (xlO) . 58. Perithecia (x25). 59. Ascus 
(x500) . 60. Ascospores (xlOOO). 
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PLATE IV 
Figs. 61-64. Pseu.dovalsa lcmgipes. 61. Habit (xlO) . 62. Ascospore (xlOOO). 63. Ascus 
(x500). 64. Coniclium (xlOOO). 
Figs. 65-67. Pseudovalsa ulmi. 65. Habit (x25). 66. Ascus (x500) . 67. Ascospore (xlOOO). 
Figs. 68-70. Coryneum pustulatum. 68. Habit (xlO). 69. Acervulus (x50). 70. Coniclia 
(xlOOO). 
Figs. 71-73. Co'l'yneum juniperinum. 71. Habit (xlO). 72. Acervulus (x50). 73. 
Conidium (xlOOO) . 
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PLATE V 
Figs. 74- 77. Phomopsis acerina. 74. Habit (x20) . 75. Pycnidium (x50). 76. Alpha 
conidia (xlOOO). 77. Beta conidia (xlOOO). 
Figs. 78- 81. Phomopsis subordina.ria. 78. Habit (xlO). 79. Pycnidium (x500). 80. 
Alpha conidia (xlOOO) . 81. Beta conidia (xlOOO). 
Figs. 82- 85. Phomopsis stewartii. 82. Habit (xlO). 83. Pycnidium (x50). 84. Alpha 
conidia (xlOOO). 85. Beta conidia (xlOOO). 
Figs. 86- 89. Phomopsis vexans. 86. Habit (xlO) . 87. Pycnidium (x50). 88. Alpha 
conidia (xlOOO) . 89. Beta conidia (xlOOO). 
Figs. 90- 93. Phomopsis juniperovora. 90. Habit (x5). 91. Pycnidium (x50). 92. 
Alpha conidia (xlOOO) . 93. Beta conidia (xlOOO). 
Figs. 94- 96. Phomopsis conorum. 94. Pycnidium (x50) . 95. Alpha conidia (xlOOO) . 
96. Beta conidia (xlOOO). 
Figs. 97.-100. Phomopsis mali. 97. Habit (xlO) . 98. Pycnidium (x50). 99. Alpha 
conidia (xlOOO) . 100. Beta conidia (xlOOO) . 
Figs. 101-102. Phomopsis salicina.. 101. Pycnidium (x50). 102. Alpha conidia (xlOOO). 
90 
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PRELIMINARY STUDIES ON THE COMPARATIVE VALUE OF 
SOME SPRAYS AND DUSTS IN POTATO INSECT CONTROL1 
H. C. MANIS AND ILA LEFFERT' 
From the Zoology and Entomology Section, Iowa Agricultural Experiment Station 
Received October 21, 1939 
The economic importance of potatoes as a truck crop in Iowa warrants 
an efficient and economical method of controlling potato insect pests. 
Bordeaux mixture in combination with paris green or other asenicals such 
as calcium arsenate, for many years has been recommended as the most 
efficient insecticide for general use in the control of potato insects. Since 
insecticidal dusts are more easily applied and require less expensive 
equipment for application both in gardens and in fields, it has been con-
sidered desirable to find a dust or combination of dusts which would give 
as effective control as does Bordeaux. 
The most numerous insect pests of potatoes in Iowa are the following: 
potato leafhopper, Empoasca fabae (Harris); Colorado potato beetle, 
Leptinotarsa decemlineata (Say); potato flea beetle, Epitrix cucumeris 
(Harris); and aphids, mainly Myzus persicae (Sulz.). 
During the summer of 1938, spraying and dusting experiments were 
conducted at Ames, Iowa, on the Experiment Station plots. Only the 
potato leafhopper was considered abundant enough throughout the season 
to affect the results obtained in this experiment. 
GENERAL PLAN OF THE EXPERIMENT 
Experimental plots were arranged in a 7 x 7 Latin square 210 feet long 
by 70 feet wide and planted to certified Rural Russet potatoes treated 
with Semesan Bel for the control of seed-borne Rhizoctonia and potato 
scab and for protection of the seeds against rotting. Each plot in the Latin 
square was 30 feet long by 10 feet wide and contained three rows 3 feet 
apart. The hills within the rows were spaced 14 inches apart. Alleys 
between plots were 4 feet wide. The treatments were: sulphur-paris 
green dust; Bordeaux-paris green spray; sulfur dust; lime spray; derris-
talc dust; paris green spray; paris green-talc dust. 
TREATMENT OF PLOTS 
The Bordeaux spray was used as a standard in this experiment, since 
Bordeaux mixture (4-4-50), to which has been added paris green, is 
generally recommended for the control of potato insects in Iowa. The 
spray consists of 4 pounds of copper sulfate and 4 pounds of high calcium 
1 Journal Paper No. J-679 of the Iowa Agricultural Experiment Station, Ames, 
Iowa. Project No. 141. 
2 The authors are deeply indebted to Dr. C. J . Drake, Professor G. W. Snedecor, 
Miss Gertrude Cox, and Dr. C. H . Richardson for many helpful suggestions and 
criticisms. 
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hydrated lime in 50 gallons of water plus 1 pound of paris green per 50 
gallons of spray. 
The lime spray consisted of 6 pounds of high calcium hydrated lime in 
50 gallons of water; the paris green spray of 1 pounds of paris green to 2 
pounds of high calcium hydrated lime in 50 gallons of water. All spray 
applications were made with a 10-gallon Paragon hand sprayer equipped 
with a single B-14 brass nozzle for mist spraying. The spray was applied 
to the under side of the leaves at 120 to 150 pounds of pressure at the rate 
of approximately 100 gallons of spray per acre. 
The sulfur-paris green dust consisted of 10 pounds of 300-mesh dust-
ing sulfur to 1 pound of paris green; the sulfur dust of the sulfur alone; 
the derris-talc dust of 1 pound of 300-mesh derris (4 per cent) to 2 pounds 
of talc; and the paris green-talc dust of 1 pound of paris green to 10 pounds 
of talc. All dusts were applied with a Root Challenge hand duster of 6 
pounds capacity equipped with two nozzles. The dusts were applied at 
the rate of approximately 60 pounds to the acre per application. 
Each plot received four applications of the spray or dust. The first ap-
plication was made July 8 and the process repeated at intervals of 10 to 12 
days. The last application was made August 12. The insecticides were 
always applied on the same day and care was taken to prevent drifting of 
the dust or spray by use of muslin screens. Dusting was done from 4: 00 to 
8: 00 A. M. in the mornings on still days and while there was a considerable 
amount of dew on the plants. Spraying was done during the remainder 
of the same day. To eliminate differences in yield caused by damage by 
the Colorado potato beetle all plots were sprayed on July 2 with paris 
green-lime spray. 
METHODS 
In order to determine the effectiveness of each spray or dust applica-
tion, counts were made of potato leafhopper nymphs and adults and the 
amount of "hopperburn" was estimated. Adult and nymphal counts were 
made throughout the season on the same three plants evenly spaced in 
each row. On each plant five leaflets were selected at random at the time 
of the count and used for each determination. Counts were made the day 
before the application of spray or dust and again from 2 to 3 days after 
each application depending upon weather conditions. 
Estimation of damage was made on the same plants used for deter-
mining populations. Since the late stages of "hopperburn" are not easily 
distinguished from damage caused by arsenicals no attempt was made 
to differentiate between them. Five leaflets were selected as in the popula-
tion counts and the percentage of "hopperburn" on each leaflet estimated. 
The determination of damage was made 4 to 8 days after treatments. 
In addition to these data, tuber yields from the different plots were 
taken at the end of the season, since yields give the best estimate of the 
relative value of the different treatments. The mean yields are recorded 
in table 1; the statistical analysis followed the methods of Snedecor 
(1938). 
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RESULTS 
A comparison of yields in table 1 indicates that there are considerable 
differences for the treatments. Analysis of variance shows that these 
differences are highly significant. 
TABLE 1. Yields in pounds of tubers per plot 
Sulfur - Bordeaux- Paris 
paris paris Derris- Paris green-
green green Sulfur Lime talc green talc 
P lot dust spray dust spray dust spray dust 
1. . ....... . 78.0 91.0 102.5 71.0 90.0 I 84.5 I 84.5 
2 .. .. . . .... 105.5 104.0 142.0 90.5 135.5 I 96.5 I 90.0 
3 ... . .. . . .. 140.0 150.0 180.0 136.0 134.0 117.5 I 116.5 
4 . .. .. . .... I 165.0 173.5 146.0 136.5 148.0 I 145.5 I 126.0 
5 ... . . . ... . I 156.0 188.0 178.0 154.5 157.0 158.5 I 113.5 
6 .. .... . ... 158.5 189.0 190.0 144.5 150.5 157.0 I 104.5 
7 .. ... . ... . 146.0 157.5 176.0 140.0 147.0 139.0 I 100.0 
Mean . ... . 135.6 150.4 157.8 124.7 137.4 128.4 I 105.0 
The mean differences between treatments, with one exception, fall 
into three groups: Bordeaux-paris green spray and sulfur dust giving 
highest yields; sulfur-paris green dust, lime spray, derris-talc dust and 
paris green spray intermediate; and paris green-talc dust the lowest yields. 
TABLE 2. The analysis of variance of data in table 1 
Source of variation Degrees of freedom I Sum of squares I Mean square 
Rows ... ....... .. . . ......... . . 6 606.5 I 101.08 
Columns ...... .. ... .. ..... .. . 6 30,315.4 5,052.57 
Treatments . . . .. . . ... .. . ...... 6 I 13,145.3 2,190.88 
Error . .... . ... .... . . .... ...... 30 5,470.5 I 182.35 
Total ...... . ..... . ..... ..... .. 48 49,537.7 I 
DISCUSSION OF RESULTS 
Fenton and Hartzell (1922 and 1923) , De Long (1934) , Menusan 
(1938) , and Munro and Schifino (1938) have shown that Bordeaux 
mixture is a very effective spray for the control of the potato leafhopper. 
The yields obtained in this experiment, table 1, agree with their results 
and were only surpassed in yields by plots treated with sulfur dust. 
Figure 1 shows that the application of Bordeaux reduces the population of 
nymphs and adults and that the residual effect is greater than that of any 
of the other insecticides used. This is shown in the counts made before 
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Fig. l. Comparison of sulfur-paris green dust, paris green-talc dust, and sulfur dust 
with Bordeaux mixture in reducing leafhopper populations during the summer 
of 1938. 
the second and third sprays where the period between sprays was ex-
tended to 12 days. After the third application, the length of time between 
sprays was shortened to 10 days, and, as may be noted from the graph, the 
residual effect disappears. Figure 3 shows the percentage of "hopper-
burn" to be quite low throughout the season. 
The use of dusts containing sulfur gave (Fig. 1) a similar reduction 
in leafhopper population after application of the insecticide and in the 
amount of damage (Fig. 3) throughout the season. The residual effect, 
however, was not as great as in the case of Bordeaux mixture. De Long 
(1934) and Menusan (1938) obtained similar results with sulfur. Roney 
TABLE 3. Differences in mean yields in pounds between different treatments and the 
Bordeaux standard 
Difference from 
Treatment Mean yield Bordeaux mean yield 
Bordeaux-paris green spray ................ 150.4 
Sulfur-paris green dust ........... ······· ·· 135.6 14.8 
Sulfur dust ................ ··· · · ·· · ····· ··· 157.8 7.4 
Lime spray ..... ...... .. . ........ .. .. .... .. 124.7 25.7 
Derris-Talc dust .. ... .. ...... ... ...... ... .. 137.4 13.0 
Paris green spray .... .............. .. .. ... . 128.4 
I 
22.0 
Paris green-Talc dust .. . . . . .. .. . .. ... ... . .. 105.0 45.4 
Difference necessary for significance, 14.7 pounds per plot. 
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and Thomas (1935) found that sulfur dusts were highly effective in the 
control of the potato leafhopper on beans. 
The addition of paris green to the sulfur decreases the leafhopper 
population more than sulfur alone but at the same time decreases the 
yield. This decrease in yield is probably owing to the increase in damage, 
part of which might be caused by burning from paris green. 
Paris green applied as a dust with an inert carrier, such as talc, caused 
(Fig. 1) a pronounced reduction in leafhopper populations, after the sec-
ond application, comparable to that obtained with sulfur-paris green dust. 
The amount of damage, however, is considerably greater. The large 
amount of damage on August 18 and 30 (Fig. 3) is definitely known to 
result partially from burning caused by the insecticide. This high amount 
of burning probably accounts for the decidedly lower plot yields (table 1). 
When paris green with hydrated lime is applied as a spray there is (Fig 2) 
little, if any, reduction of leafhoppers. This is reflected both in th e amount 
of damage occurring (Fig. 3) and the reduction in yield. 
Britton (1934) found that three applications of derris dust containing 
0.4 per cent rotenone, used for Mexican bean beetle control, incidentally 
reduced the injury by the potato leafhopper, Empoasca fabae , on beans. 
The use of 2 per cent derris with talc as a carrier in this experiment shows 
(Fig. 2) that there was no consistency in the reduction of populations 
obtained with this dust. The damage (Fig. 3) was relatively high through-
out the season as might be expected with a high population count. No 
explanation can be given here as to the reason for a high yield on these 
plots. Further work with this insecticide may give some explanation of 
these results. 
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Fig. 2. Comparison of lime spray, derris-talc dust, and paris green spray with 
Bordeaux mixture in reducing leafhopper populations during the summer of 
1938. 
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Fig. 3. A comparison of the percentage of "hopperburn" occurring at intervals 
throughout the season on plots treated with seven different insecticides. 
In 1935 and 1936 McDaniel (1936, 1937) conducted field experiments 
on dahlia, potato, and alfalfa in which she used flour, talc, infusorial earth, 
and lime as dusts. She found that the potato leafhopper was repelled by 
these dusts owing to the white coating on the foliage. 
In this experiment the authors used a high calcium hydrated lime 
spray which adhered well to the plants and resulted in a white coating. 
The data obtained on population and damage are quite similar to those 
obtained with derris as can be seen in figures 2 and 3. The yield from these 
plots, however, does not differ significantly from that obtained with derris, 
yet there is a reduction which might be considered due to a lessened 
degree of control. 
SUMMARY 
1. Sulfur dust (325 mesh) and 4-4-50 Borde;:iux mixture were 
effective in reducing the leafhopper population and the amount of damage 
due to "hopperburn." The use of these two insecticides resulted in a 
significantly increased yield over all the other plots with the exception 
of the yield obtained on derris-treated plots. 
2. Sulfur dust containing paris green was as effective as sulfur dust 
and 4-4-50 Bordeaux mixture in reducing leafhopper populations and the 
amount of damage, but the yield was lowered significantly possibly be-
cause of some harmful action of paris green on the plant. 
3. Counts on plots treated with paris green applied as a dust, with 
talc as the inert carrier, show a pronounced reduction in leafhopper 
populations comparable to that obtained with sulfur-paris green dust. 
The amount of damage was higher than on any of the other plots partially 
because of burning caused by the insecticide. The yield on these plots 
was significantly lower than any of the others. 
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4. Counts on plots sprayed with paris green-hydrated lime show little, 
if any, reduction in leafhopper populations. Damage is high and there is 
a considerable reduction in yield . 
5. The derris-talc dust is not consistent in its reduction of leafhopper 
populations. Damage was relatively high but the yield also was high. 
6. Plots treated with a high calcium hydrated lime spray gave some-
what similar results to those obtained on derris-treated plots with a 
slightly, but not siginficantly, lower mean yield. 
LITERATURE CITED 
BRITTON, W. E. 
1935. Connecticut State Entomologist, Thirty-fourth Report, 1934. Conn. Agric. 
Exp. Sta. Bui. 368: 147-262. 
DELONG, DWIGHT M. 
1934. The relative value of Bordeaux mixture, sulfur and pyrethrum products in 
reducing populations of the potato leafhopper (Empoasca. fa.ba.e Harris). Jour. 
Econ. Ent. 27 (2) : 525-533. 
FENTON, F. A., and A. HARTZELL 
1922. Effect of Bordeaux mixture on Empoa.sca. ma.li. Jour. Econ. Ent. 15 (4): 295-298. 
--and--
1923. Bionomics and control of potato leafhopper, Empoa.sca. ma.li, LeBaron. Iowa 
State College Res. Bui. 78: 379-440. 
McDANIEL, E. I. 
1936: Control of the potato leafhopper, Empoa.sca. fa.ba.e, on dahlia with flour, talc, 
and infusorial earth. Jour. Econ. Ent. 29 (2): 464. 
1937. White coating on foliage a repellant for potato leafhopper. Jour. Econ. Ent. 
30 (3): 454-457. 
MENUSAN, HENRY, JR. 
1938. Results of potato dusting experiments on organic soils. Jour. Econ Ent. 
31 (2): 259-262. 
MuNRo, J. A., and Lours A. ScHIFINO 
1938. Potato spraying experiments in North Dakota. Jour. Econ. Ent. 31(4) :485-487. 
RONEY, J. N., and F. L. THOMAS 
1935. Arsenical substitutes for controlling vegetable insects. Jour. Econ. Ent. 
28 (3): 615-617. 
SNEDECOR, GEORGE W. 
1938. Statistical Methods. Collegiate Press, Inc., Ames, Iowa, p. 225-229. 

EXAMINATION OF ICE CREAM WITH THE BURRI SMEAR 
CULTURE TECHNIC1 
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The Burri smear culture technic has been used primarily for the 
determination of numbers of bacteria in milk (1, 2). It also has been 
adapted to the examination of butter (4). With this solid dairy product 
it can be used to determine the distribution of organisms as well as the 
general numbers present, and in some instances species not developing 
on poured plates have been isolated with it. 
Ice cream is another dairy product in which the distribution of organ-
isms apparently is of significance. Excluding organisms coming from the 
air, there can be a variation in the distribution because of irregular con-
tamination during manufacture and also as a result of dipping with con-
taminated equipment. The Burri technic has been employed in the ex-
amination of ice cream, and representative data obtained with it are 
given herein. 
METHOD 
In applying the Burri technic to ice cream small portions are picked 
with a sterile platinum needle under a low power binocular, and each is 
spread over the surface of a dry agar slope. The portions are intended to 
weigh 0.02 mg. and are picked from firm ice cream, the ice cream being 
surrounded with ice if necessary. The original surface can be used, a 
fresh surface can be exposed with a sterile instrument or the interior 
and surface can be compared. A binocular aids in keeping the portions 
fairly uniform in size and also in actually picking each portion rather than 
scraping it from a relatively large area, which is a point of importance in 
studying distribution of organisms. 
Since the medium and incubation conditions that are standard for 
milk are widely used with ice cream, there ordinarily is an advantage in 
using them in applying the technic to ice cream. Occasionally other media 
and incubation conditions may be desirable, such as the addition of skim 
milk to the agar for detection of proteolytic types or the use of a higher 
temperature for detection of thermophiles. 
Ordinarily 10 portions are picked from a sample but larger or smaller 
numbers may be used for more or less detailed results. With low count 
ice cream, two or even more portions can be smeared over the same agar 
surface. 
The numbers of colonies developing from the various portions indi-
1 Journal Paper No. J-691 of the Iowa Agricultural Experiment Station, Ames, 
Iowa. Project 119. 
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TABLE 1. Numbers of colonies on slopes (Burri technic) made with package ice cream having 
plate counts under 100,000 per ml.• 
About 0.02 mg. ice cream per slope 
Slope Sample number 
number 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
1 1 0 1 0 0 2 1 2 0 0 0 3 0 1 0 
2 0 0 1 0 0 0 1 0 0 0 0 1 3 0 0 
3 3 0 0 0 2 4 4 2 0 0 0 0 1 1 1 
4 1 0 1 0 0 4 3 2 0 0 0 0 0 0 0 
5 1 0 0 1 1 0 1 0 1 0 0 0 0 3 0 
- ------
6 0 0 2 1 0 3 6 0 0 0 0 0 1 1 1 
7 0 0 0 0 -0 3 4 2 1 0 0 0 1 2 1 
--
- 0- -- 1 8 0 0 0 0 2 0 0 0 0 0 0 0 1 
----9 0 0 0 0 0 5 10 1 1 0 0 0 1 0 2 
- 0 --10 0 0 1 0 3 3 1 0 1 2 0 0 4 2 
- >------- -Total 6 0 5 3 3 26 34 10 3 1 2 4 7 12 8 
* In sampling package ice cream for either the Burri or plate technic the surface was always dis-
carded. 
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cate the distribution and general bacterial content. With the usual samples 
the number per slope are low and counting is relatively easy. The maxi-
mum number of colonies that can be counted readily on ,a slope is about 
100, depending largely on their size and the tendency to grow together. 
Numbers in excess of 100 often can be estimated satisfactorily, but under 
these conditions many organisms undoubtedly fail to grow. The smears 
can be examined before the end of the usual incubation period, and if the 
numbers of colonies are excessive they are counted. The average number 
of colonies per smear can be transposed to a gram basis if desired. 
EXPERIMENTAL 
WEIGHTS OF PORTIONS OF ICE CREAM PICKED 
The weights of portions of ice cream picked were determined with 
a microbalance, using vanilla and chocolate ice cream. Loss of water 
during the weighing was negligible. In 4 7 trials made over a period of 
about 6 months, the weights ranged from 0.010 to 0.036 mg. (with only 
two below 0.012 mg. and only one above 0.030 mg.) and averaged 0.017 
mg.; about 53 per cent of the samples were within the limits of 0.015 and 
0.025 mg. The variations were much greater than those encountered in 
attempting to pick 0.05 mg. of butter. With soft ice cream there was a 
definite tendency to obtain relatively large amounts; undoubtedly other 
factors, such as differences in overrun, structure, etc. of the ice cream 
and also the experience of the person using the technic, contribute to 
variations in the weights. 
PACKAGE ICE CREAM 
The numbers of colonies on slopes smeared with the interior of p,ack-
age ice cream are given in tables 1 and 2. The data on samples having 
plate counts below 100,000 per ml. are presented in table 1. Many of the 
slopes were sterile and on those showing growth the numbers of colonies 
were never large, the maximum being 10. In gener,al, the various slopes 
from a sample showed relatively little variation in numbers of colonies, 
which indicates a rather uniform distribution of organisms. The greatest 
variations occurred with samples 6 and 7, which are the ones yielding the 
highest totals for the 10 slopes. 
Table 2 deals with samples having plate counts above 100,000 per ml. 
Few slopes were sterile and a considerable percentage had large numbers 
of colonies, the maximum being 610. While the different slopes from a 
sample sometimes showed little variation in numbers of colonies, in other 
cases they showed considerable variation, which suggests an irregular 
distribution of the bacteria. 
DIPPED ICE CREAM 
Tables 3 an•d 4 present the numbers of colonies on slopes smeared with 
the interior and surface of dipped ice cream. The data on samples having 
plate counts (on interior) below 100,000 per ml. are given in table 3. 
Slopes from the interior often were sterile and on those showing growth 
TABLE 2. Numbers of colcm,ies cm, slopes (Burri technic) made with package ice cream having 
plate counts over 100,000 per ml.* 
About 0.02 mg. ice cream per slope 
Slope Sample number 
number 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 
1 2 7 8 8 2 13 224 14 7 2 380 220 2 28 9 
2 3 7 2 8 3 45 0 16 5 7 260 400 0 60 12 
3 2 19 9 20 7 10 230 23 3 4 180 450 1 64 46 
4 4 2 3 4 4 26 220 13 1 4 320 180 210 6 8 
5 2 13 5 7 6 150 120 13 4 6 250 180 0 42 23 
-
6 6 45 5 6 0 18 150 18 2 5 530 520 6 90 12 
7 2 16 7 9 20 15 200 11 3 7 500 260 5 64 16 
8 4 1 4 24 7 13 210 11 1 5 160 610 6 20 7 
9 1 9 7 3 6 22 220 31 0 3 480 24 I 6 50 9 
10 2 4 9 21 1 17 130 24 6 2 360 500 5 100 11 
Total 28 123 59 110 56 329 1704 174 32 45 3420 3344 241 524 153 
* In sampling package ice cream for either the Burri or plate technic the surface was always dis-
carded. 
TABLE 3. Numbers <Yf colanies an slopes (Burri technic) made with interior and surface of dipped ice cream having plate counts (on 
interiOT) under 100,000 per ml. 
31 32 33 
Slope 
number int.* sur.* int .. sur. int. sur. 
1 1 1 1 1 1 20 
2 5 1 0 0 0 6 
3 4 0 1 1 0 9 
4 2 1 0 0 2 1 
5 1 1 0 2 0 12 
6 3 0 3 2 1 17 
7 3 0 0 1 0 92 
8 1 1 0 2 0 13 
9 4 1 0 1 0 12 
10 0 1 0 2 1 9 
Total 24 7 5 12 5 191 
*int. = interior; sur. = surface 
About 0.02 mg. ice cream per slope tD 
Sample number 
34 35 36 37 
int. sur. int. sur. int. sur. int. 
1 4 1 0 0 1 2 
3 3 0 0 0 0 0 
1 3 I 0 0 0 0 0 
1 2 0 0 1 2 2 
3 4 1 0 0 0 0 
1 5 o· 0 0 0 1 
0 1 1 0 1 0 5 
4 3 1 0 0 0 0 
1 1 0 0 0 0 2 
2 1 0 0 0 0 3 
17 27 4 0 2 3 15 
38 39 
sur. int. sur. int. I 
0 0 1 1 
7 1 0 0 
1 0 1 1 
1 1 1 0 
20 0 1 1 
1 0 1 1 I 
1 1 1 0 
1 0 1 0 
2 1 0 1 
1 0 0 0 
35 4 7 5 
sur. 
3 
0 
0 
1 
1 
0 
1 
1 
0 
3 
10 
40 
int. I sur. 
0 I 2 
2 2 
1 I 0 
0 ro 
0 1 
0 0 
1 2 
0 1 
0 2 
0 3 
4 13 
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TABLE 4. Numbers of colonies on slopes (Burri technic) made with interior and surface of dipped ice cream having plate counts 
(on interim) over 100,000 per ml. 
About 0.02 mg. ice cream per slope 
t Sample number 41 42 43 44 45 46 47 48 49 50 
Slope 
number int.* sur.* int. sur. int. sur. int. sur. int. sur. int. sur. int. sur. int. sur. int. sur. int. sur. 
1 3 2 107 590 8 40 4 96 5 1 3 6 1 1 0 19 3 2 3 13 
2 3 3 9 4 6 43 0 86 8 0 4 4 6 7 2 20 3 10 6 6 
3 0 4 6 490 3 17 9 134 1 9 1 19 2 4 1 21 1 23 9 I 10 
4 3 3 21 160 0 27 31 84 5 6 1 15 I 2 0 2 6 5 4 
* 
--~· 
5 1 3 77 2 4 96 3 106 1 8 0 8 2 6 0 7 2 10 7 
6 0 0 16 440 4 3 4 68 3 4 0 2 3 4 1 10 8 10 
* 7 3 6 4 350 7 63 23 184 12 I 2 1 4 3 7 2 6 3 6 7 8 5 0 26 420 3 79 11 219 6 5 2 11 0 1 3 10 6 38 9 1 3 9 4 1 3 500 7 5 42 120 1 30 1 50 1 8 7 21 5 20 8 I 12 
10 1 2 1 940 45 142 0 5 6 15 1 25 2 3 3 2 6 9 7 I 7 
Total 23 24 270 3896 87 515 127 1102 48 80 14 144 22 41 21 I 122 42 132 72 I 97 
*int. = interior; sur. = surface 
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the numbers of colonies were small, with a maximum of 5. Usually the 
different slopes from a sample varied relatively little in numbers of 
colonies. Slopes from the surface were much the same as those from the 
interior, except with samples 33 and 37. With sample 33, the numbers of 
colonies on the slopes from the interior ranged from 0 to 2 and those on 
the slopes from the surface varied from 1 to 92; the surface evidently was 
contpminated heavily during the dipping. With sample 37, one of the 
slopes from the surface developed 20 colonies but otherwise the surface 
counts were much the same as the interior counts. In general the total 
counts for the 10 slopes were higher on the surface than on the interior, 
the two exceptions being samples 31 and 35. 
Table 4 deals with dipped ice cream having plate counts (on interior) 
over 100,000 per ml. Few slopes from the interior were sterile and some 
had large numbers of colonies, the maximum being 107; with some samples 
the slopes showed little variation in numbers of colonies but with the 
majority the variations were large. Most slopes from the surface showed 
growth also and some had extremely large numbers of colonies with a 
maximum of 940. Commonly, the different slopes from a sample showed 
considerable variation in numbers of colonies. With all the samples, total 
counts on the 10 slopes from the interior were lower than on those from 
the surface and with some (e.g. 42, 43 and 44) the differences were 
striking, indicating a heavy contamination of the surface from the dipper. 
Figures 1, 2 and 3 show representative slopes from the interior and 
surface of dipped ice cream and illustr.ate variations in the contamination 
of the surface. 
COMPARISON OF ICE CREAM COUNTS BY THE BURRI TECHNIC AND PLATE METHOD 
A comparison of counts on ice cream by the Burri technic (average 
number of colonies per slope x 50,000) and the plate method is given in 
table 5. Both counts represent only the interior of the ice cream. The 
first 50 samples are those on which data were obtained for the previous 
tables. 
As would be expected, there was no close agreement between the 
Burri and plate counts. In general, the counts were higher with the Burri 
technic although in some cases they were lower. The differences some-
times were small, but in other cases they were much greater than could 
be accounted for by errors in the weights of ice cream picked. Since the 
plate count does not accurately determine the numbers of organisms, any 
technic differing from it would not be likely to give the same results. 
Although the Burri counts were often considerably higher than the 
plate counts, they indicated the general sanitary quality of the ice cream. 
With most of the samples, such information could have been obtained 
from a very few slopes. 
DISCUSSION 
The primary advantage in using the Burri technic in examination 
of ice cream appears to be the opportunity to study distribution of organ-
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TABLE 5. Comparison of ice cream counts by the Burri technic and the plate method 
Estimated* Estimated* 
Sample Burri Plate Sample Burri Plate 
number count count number count count 
1 30,000 42,000 33 25,000 9,200 
2 < 5,000 2,000 34 85,000 99,000 
3 25,000 20,400 35 20,000 3,400 
4 15,000 4,100 36 10,000 2,900 
5 15,000 4,400 37 75,000 46,000 
6 130,000 72,000 38 20,000 8,500 
7 170,000 84,000 39 25,000 6,900 
8 50,000 7,400 40 20,000 29,000 
9 15,000 6,000 41 120,000 210,000 
10 5,000 5,800 42 1,400,000 6,600,000 
11 10,000 24,200 43 440,000 108,000 
12 20,000 28,000 44 640,000 2,800,000 
13 35,000 47,000 45 240,000 181,000 
14 60,000 9,000 46 70,000 1,130,000 
15 40,000 10,600 47 110,000 189,000 
16 140,000 188,000 48 110,000 670,000 
17 620,000 380,000 49 210,000 144,000 
18 300,000 151,000 50 360,000 214,000 
19 550,000 200,000 51 10,000 3,100 
20 280,000 118,000 52 < 5,000 12,100 
21 1,700,000 222,000 53 150,000 43,000 
22 8,500,000 7,300,000 54 95,000 19,200 
23 870,000 450,000 55 25,000 10,000 
24 160,000 133,000 56 20,000 32,000 
25 230,000 310,000 57 50,000 27,000 
26 17,000,000 4,600,000 58 10,000 32,000 
27 17,000,000 4,900,000 59 150,000 46,000 
28 1,200,000 1,860,000 60 15,000 400 
29 2,600,000 2,240,000 61 50,000 8,700 
30 770,000 180,000 62 100,000 70,000 
31 120,000 6,100 63 5,000 6,200 
32 25,000 21,000 64 270,000 60,000 
* Adjusted to an approximate value. 
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(Table 5 Continued) 
Estimated• Estimated* 
Sample Burri Plate Sample Burri Plate 
number count count number count count 
65 20,000 7,000 83 100,000 43,000 
66 120,000 101,000 84 95,000 30,000 
67 150,000 115,000 85 25,000 7,900 
68 720,000 192,000 86 70,000 36,000 
69 1,800,000 270,000 87 1,400,000 92,000 
70 2,900,000 560,000 88 25,000 11,200 
71 50,000 5,500 89 5,000 900 
72 5,000 3,700 90 85,000 33,000 
73 5,000 4,000 91 35,000 12,000 
74 15,000 3,000 92 5,000 4,200 
75 130,000 79,000 93 85,000 28,000 
76 10,000 7,400 94 150,000 41,000 
77 120,000 34,000 95 15,000 2,900 
78 30,000 12,000 96 200,000 42,000 
79 15,000 2,700 97 160,000 15,000 
80 10,000 3,500 98 190,000 44,000 
81 100,000 116,000 99 4,000,000 1,110,000 
82 < 5,000 1,400 100 15,000 4,600 
• Adjusted to an approximate value. 
isms in the product. This distribution is of special significance with dipped 
ice cream since dipping m,ay result in serious contamination of the sur-
face from the dipper. Krog and Dougherty (3) found that ice cream 
taken with the vendor's scoop generally yielded higher plate counts than 
that taken with a sterile spoon, while Yale and Hickey (5) did not find 
significant differences in plate counts of samples taken by the two methods. 
With the Burri technic, dipper contamination can be investigated by com-
paring the numbers of organisms at the interior and surface. The dis-
tribution of organisms should also be considered with package ice cream 
because the contamination during manufacture may not be uniform. 
With the samples examined, the distribution of organisms was usually 
more uniform in low count ice cream than in high count ice cream. 
The general relationship between the Burri and plate counts suggests 
that the bacteria in ice cream commonly find more favorable growth 
conditions in smears on agar than in poured plates. This is in contrast to 
the situation with butter (4), but various factors, including the high 
pasteurization exposures usually employed with an ice cream mix and 
the frequent use of butter culture, give the two products rather different 
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floras. The fact that counts on ice cream tend to be higher with the Burri 
technic than with the plate method should be recognized in control work. 
If only very general information on the numbers of bacteria in ice 
cream is desired, it can be obtained with very few slopes. Under these 
conditions the slopes can be prepared with less effort than is required to 
plate the ice cream. Moreover, the materials needed to prepare slopes 
are more easily transported to plants than those required to prepare 
plates, which is an advantage in case the objectives are such that the 
samples cannot be taken to a laboratory. 
SUMMARY 
The Burri smear culture technic is readily adaptable to the examina-
tion of ice cream but the variation in the weights of the portions picked 
is greater than with butter. The method is useful in studying the distribu-
tion of bacteria in ice cream, particularly in comparing the numbers of 
organisms at the interior and surface of dipped ice cream. It also gives a 
general idea of the numbers of bacteria in the product and such informa-
tion can be obtained from a relatively few slopes. Counts with the Burri 
technic tend to be higher than plate counts. 
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PLATE I 
Fig. 1. Slopes made from interior and surface of dipped ice cream. 
Colonies indicate negligible contamination of surface of ice cream. 
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PLATE II 
Fig. 2. Slopes made from interior and surface of dipped ice cream. 
Colonies indicate considerable contamination of surface of ice cream. 
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PLATE III 
Fig. 3. Slopes made from interior and surface of dipped ice cream. 
Colonies indicate heavy contamination of surface of ice cream with various 
types of organisms. 
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Our knowledge of bacterial metabolism has suffered for the want of 
a suitable method for the preparation of an active juice. A recent tech-
nique is that of Booth and Green (1938) employing a specially devised 
wet crushing mill. They have reported active bacterial juices attacking 
hexosediphosphate and simpler substrates. It is our purpose to describe 
a technique for the preparation of a bacterial juice obtained without the 
application of a mill. The method employs equipment which is readily 
available and is based on the use of powdered glass in the proper propor-
tions for the disruption of the cells by grinding. Powdered glass has been 
employed previously by Stevens and West (1922) in the preparation of 
cell-free lipase solutions from a streptococcus. 
EXPERIMENTAL 
MATERIAL 
Cells. The cells generally employed were prepared from Aerobacter 
indologenes (23B). They were grown in 5-liter quantities of nutrient 
broth containing 1.0 per cent glucose, 0.3 per cent Bacto-peptone, 0.3 per 
cent (NI4) 2S04 , 0.5 per cent K 2HP04 and 10 per cent tap water. The 
inoculated broth was incubated at 30° C. for 24 hours and the cells then 
recovered by centrifugation in a Sharples supercentrifuge at about 35,000 
rpm. The yield from 5 liters of broth varied from 9 to 12 gliams of cell 
paste which was employed without further washing. 
Glass. Pyrex glass which had been cleaned and dried, was ground 
for 24 hours in a ball mill and sifted through a 30-mesh wire screen. The 
particle size varied for the most part from 2 to 5 microns in diameter. A 
dust mask should be worn by the experimenter when working with tlie 
dry powdered glass. . 
Buffers. All phosphate buffers employed, unless otherwise stated, 
were fifteenth molar. 
PROCEDURE 
Three grams of bacterial paste, 25 grams of ground glass and 7 ml. 
phosphate buffer (pH 7.0) were mixed intimately by means of a spatula. 
The resulting glass-cell paste resembled a rather firm batter. Ten grams 
of this mixture were then ground vigorously in a well-iced 4.5-inch mortar 
for 5 minutes. All such 10-gram portions were combined after grinding 
and extracted by thorough mixing with 2 ml. phosphate buffer (pH 6.6) 
for each 10-gram ground portion. The mixture was centrifuged for 4 min-
utes on a number 2 International Centrifuge at about 2,500 rpm.; the 
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supernate was then further clarified by a 2 minute centrifugation in a 
simple Beams1 ultracentrifuge at about 175,000 rpm. The rotor of this 
centrifuge has a diameter of 1.25 inches. The supernate thus obtained 
was employed as the active juice. It was slightly brown and opalescent. 
A microscopic examination of a heavy smear of this juice showed large 
numbers of broken cell particles but only an occasional intact cell. 
Such juices showed varying activities when tested in simple War-
burg manometers in the presence of the following: 
0.8 ml. juice 
0.0077 M sodium hexosediphosphate 
0.0137 M glucose 
0.0294 M NaHC03 
1. 7 ml. total volume 
Atmosphere: C02 Temperature: 30° C. 
Table 1 indicates the activity of a number of juices prepared under 
similar conditions at different times. The gas evolved was calculated as 
C02 ; no hydrogen was evolved. 
TABLE 1. Activities of (Aerobaeter indologenes) juices 
Juice number 1 2 3 4 5 6 7 
mm• gas evolved in 1 hour from substrate 78 47 95 218 119 124 146 
Endogenous activity in 1 hour mm• - - 6 6 3 7 5 
As shown later, the activity of the above juices may be greatly en-
hanced by the presence of boiled yeast extract. 
The same juices when tested on the same substrates in a phosphate 
buffer under an,atmosphere of nitrogen exhibit a lag as long as 90 minutes 
before any evolution of gas occurs. The difference in rate of gas evolution 
in the presence of phosphate buffers under an atmosphere of nitrogen and 
of bicarbonate buffers under an atmosphere of carbon dioxide is shown 
graphically in figure 1. Apparently the juice immediately attacks the 
substrate with the production of acids but the development of gaseous 
products requires an induction period. 
The presence of boiled yeast juice may stimulate (table 2) the ac-
tivity of the juices (nos. 2 and 3). The yeast juices very likely act by 
supplying coenzymes which may be considerably diluted in the prepara-
tion of the active bacterial juices. Previous experiments have shown that 
in the absence of added yeast juice no appreciable activity of bacterial 
juices in the presence of glucose was observed. It may be, however, that 
the effects of yeast juice in the latter case (i. e. stimulation of the glucose 
breakdown) may be due to the presence of hexosediphosphate extracted 
from the brewers' yeast; for data in the same table indicate that the evo-
1 Appreciation is expressed to Dr. Alfred M . Lucas for the use of a Beams centri-
fuge. 
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Fig. 1. Comparison of activity on phosphate and bicarbonate buffers. 
lution of gas from mixtures of hexosediphosphate and glucose is greater 
than that which may be expected from a simple additive effect of the 
juice acting on the combined substrates. For example (juice no. 3) 
a total of 89 + 65 or 154 mm3 of gas per hour were evolved from glucose 
and hexosediphosphate when tested separately; yet from a mixture of the 
two substrates 233 mm8 of gas were evolved in the same time. 
TABLE 2. Effects of glucose, hexosediphospha.te and yeast juice on the activity of 
Aerobacter indologenes juices 
Glucose - 0.0137 M - - 0.0091 0.0091 
Hexosedi-
phosphate - 0.0077 M 0.0077 M 0.0051 0.0051 
Yeast juice - 0.1 ml. 
-
0.1 ml. - 0.1 ml. 
Juice no. 1 5 16 36 36 91 
-
" " la 5 18 37 38 92 -
" " 2 11 32 31 53 102 156 
" " 3 11 89 51 65 211 233 
Values in mm• gas evolved in one hour. 
Bacterial juice: 0.8 ml. 
Buffer: 0.029 M NaHCO,, atmosphere CO., temperature 30° C., volume 1.7 ml. 
Yeast juice = supernate from boiled suspension of 1 gm. dried brewers' yeast + 10 ml. 
water. Time = 10 minutes. 
In table 2, juices no. 1 and no. la were identical; the experiment was 
set up in duplicate to determine the reproducibility of results from the 
same juice. The data show that the results are duplicable. Juices no. 2 
and no. 3 were prepared under identical conditions except that they were 
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ground sepµ.rately, one immediately following the other; the same bac-
terial cells, glass and buffers were used, the grinding time was 5 minutes 
in both cases. The data show immediately that the activity of juices ob-
TABLE 3. Reduction af methylene blue by juice of Aerobacter indologenes 
Final concen- Reduction time 
Substrate tration (molar) (minutes) 
None 0.0140 390 
Galactose 0.0138 5 
Mannitol 0.0125 360 
Sodium formate 0.0125 5 
Sodium succinate 0.017 15 
Sodium fumarate 0.0173 30 
Sodium lactate 0.028 30 
Sodium pyruvate 0.0287 75 
Xylose 0.0167 30 
Dihydroxyacetone 0.0278 30 
Erythritol 0.0225 165 
tained from cells ground separately may vary considerably. For this 
reason, the cell extracts obtained after grinding should be mixed intim-
ately before use; otherwise irregularities may arise. 
A preliminary survey has shown the presence of dehydrogenases 
active on the substrates indicated in table 3 as determined by the Thun-
berg methylene blue technique. 
Each Thunberg tube contained in addition to substrate, 1 ml. bacterial 
juice, 1 ml. phosphate buffer M/ 15 pH 7.6 and 1 ml. methylene blue 
l.2X l0-8M (final pH approximately 7.2), atmosphere N2, temperature 
30° C., total volume 4 ml. 
To detect non-enzymatic reduction of methylene blue, controls con-
taining boiled juice were run under the same conditions with each sub-
strate. In no case did reduction occur in less than 390 minutes. 
Several factors involved in the preparation of active juices have been 
investigated in some detail. A study of grinding time has shown that ex-
tended grinding progressively diminishes the activity of the cell-glass 
mixture and completely destroys it after 15 minutes. A determination of 
the optimum grinding time, judged by the activity of the juice in the 
respirometer, indicates that the most active juice is obtained after 4 min-
utes' grinding. Results are shown in table 4. 
An effort was made to determine the effects of autolysis of the bac-
terial cell at 13° C. on the activity of the juice. Cells were autolyzed for 
varying periods up to and including 48 hours. At 48 hours less active 
juices were obtained. However, there seems to be little if any difference 
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TABLE 4. Grinding time variations 
Time in 
minutes A B c D* Average 
0 0 0 3 45 12.0 
1 I 10 0 37 78 31.5 
2 - 31 49 105.2 48.8 
3 28 74 50 - 63.2 
4 41 80 55 127.4 75.6 
5 31 69 55 109.6 66.3 
Activities of various samples of juice upon substrates of glucose and hexosediphos-
phate as given in mm• of CO. evolved per hour. 
* Mass of cells autolyzed 24 hours before grinding. 
Conditions same as in table 1. 
in the activity of the juices obtained up to a period of 36 hours. Juices 
from cells which have not been autolyzed show the same activities as those 
cells which have been autolyzed for this period. Our juices are now pre-
pared directly from the cells without autolysis. 
Efforts to determine an optimum pH for grinding ai;id extraction 
have not met with marked success. The use of buffers varying between 
pH 6.0 and 8.0 in grinding resulted in little difference in the activity of 
the resulting juices as measured by C02 evolution. It is possible that the 
pH of the buffer used in extraction after grinding may be important. Our 
results, however, in using various phosphate buffers in extraction have 
been too variable to justify definite conclusions. 
We have, however, determined the optimum concentration of the 
buffer used in extr,action. It has been found that optimum results are ob-
tained when 2 ml. of buffer are used to extract 10 grams of the ground cell-
glass mixture. The use of more fluid results in less active juices white 
less does not yield a juice which is appreciably more active. A second 
extraction of the ground cell-glass mixture with 1 ml. buffer results in a 
juice which has but 20-25 per cent of the activity of the first extract 
(table 5). 
TABLE 5. Effect of volume of extracting fluid on activity of bacterial juice 
ML buffer used Activity of 0.8 ml. resulting 
in extraction juice (mm' gas per hour) 
1st extraction *2nd extraction 
1 149 
2 147 
4 72 
* After 1st extraction each residue was again extracted with 1 ml. buffer. 
Conditions same as in table 1. 
56 
35 
20 
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Ground pyrex glass has been used throughout. In a single experi-
ment, soft glass was employed and an active juice was obtained. How-
ever, if sufficient waste pyrex or other hard glass is available, it is to be 
preferred to soft glass for the reason that it is less likely to contribute 
soluble products to the cell extract. 
The only means at hand for separation of viable cells from the juice 
is centrifugation. Passage of the juice through Seitz, Jena glass (3 auf 5) 
or Chamberland (numbers 3 and 7) filters completely inactivates it. 
Toluene in a concentration of 5 per cent reduces the activity of the juice 
by 80 to 90 per cent. All the viable cells cannot be eliminated by centrifu-
gation because of difficulties of removing the juice from the centrifuge 
cup. Plate counts made from juice-substrate-buffer mixtures, taken from 
the Warburg flasks after testing, show generally from 250,000 to 750,000 
viable cells per cup. However, the activity of the juice is not appreciably 
affected by that of the viable cells, for experiments with known numbers 
TABLE 6. Activity of known numbers of Aerobacter indologenes cells 
Number 0£ cells present (millions) 0 34 17 8.5 4.25 2.12 1.06 
Activity in mm• CO/ hour 10 65 28 21 6 9 7 
Experimental conditions same as in table 1, except cell suspensions employed instead 
of cell juices. 
of cells show that the presence of at least 8.5 x 106 organisms per Warburg 
flask are necessary to produce an evolution of 21 mm8 of gas per hour 
(table 6). 
An experiment was undertaken in which known numbers of cells 
were added to an active juice to determine the number of viable cells nec-
essary to influence the activity of the juice. The results (table 7) indicate 
that at least 15,000,000 viable cells per cup must be present to enhance to 
a detectable extent the activity of the juice. The conclusion may be drawn 
that the presence of 250,000 to 750,000 cells in the Warburg flasks did not 
appreciably influence the activity of the juices during the first 5 or 6 hours 
of the experiments. Since no experiments extended beyond that period of 
time it may be concluded that viable cells did not play an appreciable 
part in any of the experiments. Viable cells were determined by plate 
counts. 
TABLE 7. Effect of addition of known numbers <Yf cells to juice of Aerobacter 
indologenes 
Cells added (millions) 0 0.8 3.5 7.0 15.0 30.0 120.0 
Activity in mm• in 15 minutes 
after 10! hours 
19 19 17 18 17 23 97 
0.8 ml. bacterial juice in each cup. Experimental conditions same as in table 1. 
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A sample of the juice was divided into several portions and stored in 
a frozen condition for various intervals. The activity was tested on a 
hexosediphosphate-glucose substrate in a bicarbonate buffer. The re-
sults are shown in table 8. 
TABLE 8. Effect af freezing on activity af juice of Aerobacter indologenes 
Age of juice in days 1 3 4 5 7 11 
Activity in mm' gas/ hour 129 125 119 127 69 71 
Endogenous 9 9 4 8 11 0 
Test conditions same as in table 1. 
It is evident that the juice may be stored frozen for at least 11 days 
with a loss of activity of less than 50 per cent. 
The juice is quite sensitive to heat. If maintained at 40° C. for 3 min-
utes, its activity is reduced by 35 per cent; 15 minutes at 50° C. ( coagula-
tion) causes a loss of 67 per cent. The effects of various treatments are 
tabulated in table 9. 
The work described has been done with juices prepared from Aero-
bacter indologenes. The method as applied to this organism has been used 
successfully with only slight modification to obtain active juices from 
Escherichia coli, Aerobacter aerogenes, Citrobacter freundii and Clos-
tridium butylicum. The juice from Cl. butylicum was only slightly active, 
TABLE 9. Effect of physical and chemical treatment of juice 
Treatment Effect on activity* 
1. Filtration 
a. Seitz Complete inactivation 
b. Jena glass (3 auf 5) " " 
c. Chamberland 
(numbers 3 and 7) " " 
2. Freezing (11 days) 45 per cent reduction 
3. Heating 
a. 40° C.-3 minutes 35 per cent reduction 
b. 50° C.-15 minutes 67 per cent reduction 
(coagulation) 
4. Toluene, 5 per cent 80-90 per cent reduction 
*Test conditions same as in table 1. 
liberating about 30 mm3 of gas per hour in the presence of boiled yeast 
juice. However, with some modifications a more active juice from Cl. 
butylicum could undoubtedly be obtained, especially if the grinding time 
were to be investigated more fully. All efforts to obtain a juice acting on 
hexosediphosphate from members of the genus Propionibacterium were 
186 W. P. WIGGERT, M. SILVERMAN, M. F. UTTER AND C. H. WERKMAN 
unsuccessful. These bacteria are very susceptible to the effects of grindi,ng 
for after 5 minutes the activity of the cell-glass mixture is almost com-
pletely destroyed. No attempt has been made to obtain juices from organ-
isms other than those described, but it is believed that with suitable 
modification, active extracts may be obtained from many species of bac-
teria by application of the technique described. The approximate activities 
of various juices are shown in table 10. 
TABLE 10. Activities af Several Bacterial Juices 
Juice Escherichia Aerobacter Citrobacter \ Clostridium 
source coli aerogenes freundii butylicum* 
Activity mm' gas/ hour 150-250 90-200 100 I 25-35 
Endogenous activity 3-5 3-13 19 I 2-3 
Experimental conditions same as in table 1. 
* Contains 0.1 ml. boiled yeast juice in addition. 
SUMMARY 
A technique for the preparation of active cell-free glucolytic enzymes 
based on the use of powdered glass in the proper proportions for the dis-
. ruption of the bacterial cell is described. Juices active on mixtures of 
hexosediphosphate and glucose have been prepared from Aerobacter 
indologenes, Aerobacter aerogenes, Escherichia coli, Citrobacter freundii 
and Clostridium butylicum. Various dehydrogenases have been detected 
in juices of Aerobacter indologenes. 
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Werkman and Andersen (1938) reported a new fermentation process 
for the conversion of glucose into d-lactic acid in which a facultative 
aerobic, spore forming organism was used. A detailed study of this organ-
ism has shown it to be a new species of the genus Bacillus. Owing to the 
large quantity of dextro-lactic acid formed by this organism in fermenta-
tion processes the name Bacillus dextrolacticus is proposed. 
ISOLATION AND STUDY 
The organism was isolated from a flask of medium composed of malt 
sprouts, glucose and calcium carbonate which had been heated for 25 
minutes at 10 pounds steam pressure. The flask was serving as an un-
inoculated control in an experiment determining the effect of various 
temperatures on the rate of fermentation. The flask was taken directly 
from the autoclave and placed in an incubator at 47° C. It was observed 
on the second day that a vigorous fermentation was in progress. A trans-
fer was made to a tube of sterile medium for subsequent study and the 
fermentation was allowed to continue. Analysis of the fermented liquor 
show~d that the sugar fermented had been converted to dextro-lactic acid. 
Microscopical examination of the culture which had been taken, indi-
cated that a single morphological type was present. The culture was 
plated and replated on glucose agar. Only colonies of a single type 
appeared. Well isolated colonies were picked into malt sprouts medium. 
A study of these cultures showed them to be identical with the original 
culture, indicating that the latter was a pure culture. The following study 
was made on one of the cultures obtained from a well isolated· colony. The 
purity of the culture has been maintained throughout this work. 
MORPHOLOGY AND STAINING REACTIONS 
The size, shape and staining characteristics of this organism vary con-
siderably depending upon the medium, the temperature, the pH, oxygen 
tension and other factors. When the organism is grown in a malt sprouts-
glucose-CaC03 medium at 47° C. the cells are somewhat larger and less 
uniform in size than when grown on a nutrient agar slant. On malt agar 
the rods rapidly become Gram negative. The last few organisms remain-
ing Gram poistive grow into long cells, many reaching 50 microns or 
' J·ournal Paper No. J-704 of the Iowa Agricultural Experiment Station, Ames, Iowa. 
Project No. 421. 
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longer. Some cells have been observed as long as 150 microns (Pl. I, fig. 1). 
If CaC08 is added to the malt agar the cells remain Gram positive and 
uniform in size. In synthetic media which have thus far been developed 
for this organism, the cells are smaller and do not retain the stain by 
Gram's method as well as on nutrient agar. Very irregularly shaped rods 
have been found in aerated malt sprouts-glucose medium. 
Grown on a nutrient agar slant aerobically at 47° C. for 24 hours, the 
rods are from 0.6 to 0.9 microns wide and 3 to 8 microns in length. Longer 
cells occur rather frequently. The cells occur singly, in pairs and short 
chains. The organism is motile by means of peritrichous flagella. One, two 
or three flagella are frequently found but as many as seven have been 
observed on a single cell. Leifson's (1938) method was used for staining 
the flagella (fig. 2). Sporulation occurs best in nutrient agar slant cul-
tures. The spores are ovoid, sub-terminal to terminal and there is some 
swelling as sporulation progresses. Dorner's method has been found 
satisfactory for staining the spores (fig. 3). The ends of the rods are 
rounded. Gram's stain is retained (fig. 4) and under some conditions the 
cells stain unevenly. This is particularly noted at the time the cells are 
becoming Gram negative. 
CULTURAL CHARACTERISTICS 
Grown aerobically on a nutrient agar slant the growth is moderate, 
filiform, opaque, slightly raised, glistening, smooth, butyrous; under trans-
mitted light the internal structure appears to be finely granular, and the 
appearance of the medium is unchanged. If glucose is added to the agar, 
the growth is luxuriant. Anaerobically there is no growth on nutrient 
agar but moderate growth on glucose nutrient agar. 
In an agar stab, growth occurs only in the upper part and is best at 
the surface. If glucose is present, growth extends to the bottom of the stab. 
Colonies on a nutrient agar plate are circular, entire, convex, granu-
lar and 1 to 3 mm. in diameter. Subsudace colonies are small. 
Incubated at 42° C. a gelatin tube slowly becomes turbid with a 
scanty surface growth. If glucose is added to the medium, growth is much 
better. Gelatin is not liquefied. 
Nutrient broth inoculated and incubated at 47° C. quickly becomes 
turbid with a moderate amount of sediment. Citric acid is not attacked. 
PHYSIOLOGICAL CHARACTERISTICS 
The organism grows between 20° C. and 62° C.; the optimal tem-
perature range is from 45° C. to 53° C. 
The organism is a facultative aerobe. To obtain the most rapid fer-
mentation of large quantities of sugar, aeration has been found necessary 
in certain kinds of media. When soybean meal is used to promote growth, 
aeration is necessary for optimal rate of fermentation. 
Litmus milk is rapidly reduced and coagulated. Inoculated from malt 
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sprouts-glucose CaC03 medium, litmus milk is coagulated and reduced 
in 9 to 12 hours. As the culture ages a red band forms at the top. No gas 
is formed. If CaC03 is added the litmus remains reduced and the curd is 
partially digested. 
Nitrates are reduced to nitrites. Catalase is formed. Hydrogen sul-
phide is not produced in lead acetate agar or iron citrate agar. Indole is 
not formed in tryptophane broth. The Voges-Proskauer reaction is posi-
tive. 
Dissimilation of carbohydrates was determined by adding the carbo-
hydrates, sterilized at 10 pounds steam pressure for 10 minutes, to yeast 
extract buffered medium, inoculating with a water suspension of cells, 
incubating at 42° C. for 48 hours and 72 hours and titrating the acid pro-
duced with 0.1 N NaOH. Acid in large amounts is readily formed from 
glucose, levulose, mannose, galactose, rhamnose, arabinose, trehalose, 
cellobiose, melibiose, maltose, lactose, sorbitol, methylglucoside and 
salicin. Acid in smaller amounts or at a much slower rate is formed from 
raffinose, glycerol, sucrose, xylose, amygdalin, dextrin and soluble starch. 
No acid is formed from adonitol, mannitol, dulcitol, inulin, pectin and 
starch. Gas formation from any of the above carbohydrates could not be 
detected by use of Durham tubes, or from glucose in Smith tubes. 
The principal and substantially only product of glucose dissimilation 
is dextro-lactic acid. In a medium consisting of 1 per cent soybean meal, 
8 per cent glucose, and mineral salts, the d-lactic acid formed accounted 
for 94 per cent of the sugar. The optical activity of the acid has been de-
termined on acid formed in various media under varying conditions. The 
acid has constantly been of the dextro type. Small amounts of 2,3-butylene 
glycol and traces of acetylmethylcarbinol, diacetyl, acetic acid and ethyl 
alcohol were also produced. The lowest pH reached in glucose broth 
was 4.06. 
NUTRITIVE REQUIREMENTS 
Observations on the nutritive requirements of this organism have 
shown that neither amino acids nor proteins are essential, provided am-
monium salts and certain growth factors are present. The effects of ribo-
flavin, thiamin, ether soluble factor of acidified yeast extract and amino 
acids when added to a basal medium have been determined. The results 
are shown in table 1. The basal medium consisted of glucose, mineral salts 
and sodium acetate as a buffer. There was no growth on the basal medium 
alone or with thiamin and flavin. When the yeast factor alone was added 
to the basal medium, growth was poor and successive transfers were not 
possible; however, if thiamin or riboflavin was also ·added, good growth 
was obtained on successive transfers. For the purpose of promoting 
growth, thiamin and riboflavin replace each other in the medium equally 
well, one or the other is necessary but not both. The yeast factor can be 
replaced by hydrolyzed casein or three amino acids: glutamic acid, argi-
nine or cystine. Threonine is also beneficial and may be substituted for 
arginine. Further work is under investigation. 
TABLE 1. The effect of lactoflavin, thiamin and the acidic ether soluble fracticm of yeast extract on acid producticm 
cc. 0.1 N acid per 100 cc. 
Tube 
no. Composition of medium 1 2 
1 I Basal' 0.3 
2 Basal' plus Et.OY2 5.1 5.0 
3 Basal' plus Et,OY2 plus thiamin 5.5 4.8 
4 Basal' plus Et,OY2 plus flavin 5.0 5.1 
5 Basal' plus Et,OY2 plus thiamin plus flavin 5.3 5.2 
6 Basal' plus thiamin plus flavin 0.4 
7 Basal' plus thiamin plus glutamic acid plus arginine plus threonine plus cystine 5.6 5.8 
8 Basal' plus thiamin plus hydrolyzed casein 5.0 I 5.1 
1 Basal medium: 1 per cent glucose, mineral salts, 0.3 per cent (NH,),SO, and 0.6 per cent NaOAC. 
' Ether soluble fraction of acidified yeast extract. 
Transfers 
3 4 5 I 
I 
3.5 2.2 0.5 
5.1 5.5 4.8 
4.8 5.5 4.4 
5.5 5.0 5.1 
4.7 3.6 4.0 I 
4.8 5.1 4.7 I 
6 I 7 
I 
I 
5.7 I 5.5 
5.5 I 5.7 
5.8 15:3 
I 
4.0 I 
4.8 I 
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DIFFERENTIATION FROM PREVIOUSLY DESCRIBED ORGANISMS 
Many of the characteristics of this organism, particularly the sugar 
fermentations which differentiate it from other organisms have been re-
checked after a year. In all cases the properties of the organism remained 
constant. 
Horowitz-Wlassowa and Nowotelnow (1932) reported a spore form-
ing organism which produces lactic acid. The organism described by 
these investigators differs from the one described here in motility, fer-
mentation reactions, nutritive requirements and in other ways. 
Of the organisms described in the literature, B . dextrolacticus sp. 
nov. most closely resembled B. coagulans described by Hammer in 1915 
and by Sarles and Hammer in 1932. Three strains of B. coagulans were 
obtained from Dr. Hammer for comparative studies and all four cultures 
were subjected to exactly the same growth conditions. Several distinct 
differences were found. The three strains of B. coagulans were all nega-
tive with respect to nitrate reduction and arabinose and sorbitol fermenta-
tions while B. dextrolacticus was positive. The Voges-Proskauer test for 
acetylmethylcarbinol was strongly positive for B. dextrolacticus, but very 
weak for B coagulans. A marked difference in the rate of glucose utiliza-
tion was found in fermentation studies. The rate for B. coaglans was ap-
proximately one-half that of B. dextrolacticus. 
SUMMARY 
A spore-forming rod shaped organism producing large quantities of 
cl-lactic acid has been isolated and studied. The organism belongs to the 
genus Bacillus and appears to be a previously undescribed species for 
which the name Bacillus dextrolacticus is proposed. 
A complete description of the organism is given. Its growth condi-
tions and nutritive requirements are indicated. 
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PLATE I 
Photomicrographs of B. dextrolacticus 
Fig. 1. Malt agar; 48 hours at 47° C.; Gram stain. 
Fig. 2. Flagella stained by Leifson's method. 
Fig. 3. Spores stained by Dorner's method. 
Fig. 4. Nutrient agar; 24 hours, 47° C.; Gram stain. 
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EFFECT OF LOW TEMPERATURE ON THE INTENSITY OF 
FLUORESCENCE 
J.E. Drncm AND WILLIAM KuNERTH 
Physics Labarato'l"ies, Iowa State Co1lege 
Received November 24, 1939 
During the last few years luminescent phosphors have become an 
important factor in artificial illumination. It is therefore desirable to 
study the properties of these phosphors under various conditions. A 
study has here been made of the effect of low temperatures upon the in-
tensity of fluorescence; and upon the width of the fluorescent band. 
MATERIALS 
The fluorescent materials used were commercial phosphors obtained 
from the Nela Park Laboratories of the General Electric Company. The 
phosphors were calcium tungstate (CaW04), zinc silicate (ZnSi03), and 
cadmium borate (CdB20 6). As shown by Thayer and Barnes (1), these 
phosphors fluoresce with maximum intensities at the following wave-
lengths: 
Ca W04 •••••••••• . •• •• . •.••••••• •••••• •• .4400 A 
ZnSi03 .. . ..... . ..... . . . .. . .. . . .. . . . .. . .. 5250 A 
CdB20 5 .. . ..... . . .... ................. . .. 6150 A 
These phosphors are most efficient when the exciting radiation has a 
wavelength between 2200 A and 3000 A. 
APPARATUS 
The ultra-violet radiation was obtained from a quartz mercury vapor 
arc, the 2537 A resonance line being used. A Gaertner constant deviation 
quartz monochromator with a slit width of two millimeters was used to 
select an intense beam of ultra-violet radiation. A Gaertner wavelength 
spectrometer (Pellin-Broca type prism) which had the telescope replaced 
by a spectroscopic camera attachment was used for photographing the 
fluorescent spectrum. An arrangement of the apparatus is shown in 
figure 1. 
The fluorescent material was placed in a shallow inset in the top of 
a brass cone suspended below the slit of the monochromator and the slit 
of the spectrometer collimator. A bakelite insulating ring separated the 
quartz plate from the brass cone. A groove in the bakelite ring under the 
quartz plate and adjacent to the fluorescent material contained calcium 
chloride which removed the moisture immediately above the phosphor 
and thus prevented the formation of frost on the phosphor and the under 
side of the quartz plate. A Dewar flask containing liquid air was placed on 
a stand of adjustable height. By means of this stand the cone could be 
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Quartz 12ing 
Plate 
Fig. 1. Arrangement of apparatus. 
immersed to various depths in the liquid air and in this way the tempera-
ture of the phosphor could be brought to any desired value between room 
temperature and the temperature of the liquid air. The formation of frost 
on the top of the quartz plate was prevented by passing a blast of dried 
air over the top of the plate. 
A calibrated copper-constantan thermocouple was used for measur-
ing the temperature of the phosphor. 
METHOD 
The temperature in the mercury arc housing was permitted to come 
to equilibrium and the current was maintained at a constant value in order 
to insure a constant output of ultra-violet radiation. 
A series of either eight or sixteen exposures of the fluorescent spec-
trum of a phosphor was made on a photographic plate, the temperature of 
the phosphor being changed between exposures. A series of exposures 
was made as the temperature was lowered by steps (25 or 13 degrees 
centigrade, depending on the number of exposures on plate) from room 
temperature down to liquid air temperatures and another series as the 
temperature was permitted to rise to room temperature. Five minute 
exposures were used, it being possible to maintain the temperature of the 
phosphor within 3° C. of some desired value throughout this interval. 
Microphotometer recordings were made on the density resulting from 
each exposure of the ZnSi03 and CdB20 5• The height of the recording 
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Fig. 2. Effect of temperature on intensity of fluorescence. 
crest was taken as being proportional to the intensity of fluorescence. Be-
cause of the greater width of the Ca W04 band, microphotometer record-
ings were not made but instead maximum deflections of a galvanometer 
connected directly to the photoelectric cell of the microphotometer were 
taken as proportional to the intensity of fluorescence. 
RESULTS 
Curve 1, figure 2, indicates the variation of intensity of fluorescence 
with temperature as obtained from a number of measurements with 
CdB~05• The intensity varies very little until a temperature of -100° C. 
Fig. 3. Effect of temperature of band width. 
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is reached and a steady decline is noted as liquid air temperature is ap-
proached. 
Curve 2, figure 2, shows the relation between intensity of fluorescence 
and temperature of the phosphor ZnSi03• The intensity reaches a maxi-
mum at about -140° C. 
Ca W04 shows the most marked dependence of intensity of fluor-
escence upon temperature as indicated by curve 3, figure 2. There is a 
very marked increase in intensity from room temperature down to -150° 
C. below which the intensity again decreases. 
All three phosphors show a narrowing and sharpening of the band 
as the temperature is lowered. Figure 3 is a copy of two microphotometer 
recordings of each of the phosphors ZnSi03 and CdB20 5• A spectrometer 
slit width of 0.15 mm. and an exposure time of 15 minutes was used in each 
case. The temperature of each phosphor was at the indicated tempera-
ture during the exposure which gave rise to the respective microphoto-
meter recordings shown in figure 3. This narrowing of the band is to be 
expected and is in accordance with the theory as discussed by Milner (2). 
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A SUPPLEMENT TO THE CATALOGUE OF IOWA 
PLANTS IN THE IOWA STATE COLLEGE HERBARIUM1 
ADA HAYDEN 
From the Botany and Plant Pathology Section, Iowa Agricultural Experiment Station 
Received December 1, 1939 
The plants reported in this paper supplement the annotated list pre-
pared by R. I. Cratty and published in 1933. The work of cataloging the 
flora of Iowa was begun by C. E. Bessey in 1871 based upon herbarium 
specimens and followed by the catalogue of Arthur in 1876. Other lists 
exist, which appear to be compilations. The plants here discussed are 
deposited in the herbarium at Iowa State College, though duplicates of 
most of them have been distributed elsewhere. Assistance was received 
in determination or verification of the following groups through the 
courtesy of Mrs. Agnes Chase for Gramineae, Dr. F. T. Hermann for 
Carex, Dr. H. K. Svenson for Eleocharis, Dr. Lyman B. Smith for Coman-
dra, Dr. Robert Clausen for Najas, Mr. E. J. Palmer for Crataegus, 
Dr. Louis C. Wheeler for Euphorbia, Dr. E. D. Ball for Salix, Dr. E.W. 
Erlanson for Rosa in part, Dr. F. W. Pennell for Penstemon, and Dr. K. 
M. Wiegand for the Aster paniculatus group. 
ANGIOSPERMAE 
TYPHACEAE (Cat-tail Family) 
Typha angustifolia L. Narrow-leaved Cat-tail 
In 6 ins. to 2 ft. of water, Barringer's Slough at the west end of Lost 
Island Lake, Clay County, Freeman Township., Sec. 1, July 10, 1934, 
Hayden 778; gravelly beach on west side of Lost Island Lake, Palo Alto 
Co., Highland Twp., Sec. 6, July 20, 1934, Hayden 772; abundant around 
the edges of New Lake, south of Salix about 10 miles south of Sioux City, 
Woodbury Co., Liberty Twp., Sec. 32, July 25, 1938, Hayden 11,229; 
swamp near Spirit Lake, Dickinson Co., Aug. 25, 1938, W. A. Anderson, 
M. L. Grant and A. Hayden 11,230; marshy south side of Rush Lake, 
Osceola Co., Fairview Twp., Sec. 39, H. S. Gonard. 
Tpyha angustifolia L. var. elongata (Dudley) Wiegand 
Long-spiked, Narrow-leaved Cat-tail 
A more robust form than the typical form. Seems more abundant 
than T. angustifolia. Both T. angustifolia and its form are more abundant 
locally in the shallow alkaline lakes of Clay and Palo Alto Counties than 
T. latifolia L. Intermediate types between T. angustifolia and T. latifolia 
also occur. 
1 Journal Paper No. J-662 of the Iowa Agricultural Experiment Station, Ames, 
Iowa, Project No. 366. In co-operation with the Bureau of Biological Survey (U. 
S. Dept. of Interior), the American Wild Life Institute and the Iowa State Con-
servation Commission. 
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NAJADACEAE (Pondweed Family) 
Najas guadalupensis (Spreng.) Morong 
See Rh. 25: 107. 1923. 
Caulinia guadalupensis Spreng. 
Guadaloupe Naiad 
Abundant along the margin of Mud Lake on the south side. Clay 
Co., Lake Twp., Sec. 36, July 7, 1934, Hayden 825; in shallow water of 
Round Lake, Clay Co., Freeman Twp., Sec. 3, Sept. 2, 1936, Hayden 827; 
in shallow water of the southwest bay of Trumbull Lake associated with 
Potamogeton foliosus, Clay Co., Lake Twp., Sec. 35, Aug. 13, 1837, 
Hayden 10,133. 
GRAMINEAE (Grass Family) 
Aristida dichotoma Michx. Forked Triple-awn Grass 
Rocky, semi-open, wooded hillsides above the railroaid tracks at Cliff-
land on the east side of the Des Moines River. Wapello Co., Keokuk Twp., 
Sec. 11, Oct. 1, 1938, Hayden 10,963. This collection lies toward the 
northwest margin of the present range. It is not reported for Iowa in 
Hitchcock's Manual. 
Muhlenbergia asperifolia (Nees and Meyen) Parodi Scratch Grass 
See Hitchcock Man. Grasses U.S. Misc. Pub. U.S.D.A. 200: 366. 1935. 
Sporobolus asperifolius (Nees and Meyen) Thurber 
Edge of Mud Lake on the lake terrace in black clay loam. Dewey's 
Pasture, Clay Co., Lake Twp., Sec. 25, Aug. 8, 1935, Hayden 63. An 
earlier collection of this species made by L. H. Pammel (I.S.C. 111,526) 
in Story Co. 2 miles east of Nevada, Iowa, was reported by Cratty in the 
I.S.C. Catalogue of 1933 as Sporobolus asperifolius. It appeared to be rare 
and local. It has since been observed in northern Iowa to be regularly 
recurrent in zones around marshes and lakes in alkaline soil. 
Muhlenbergia brachyphylla Bush Short-leaved Muhlenbergia 
Floodplains of the Little Sioux River. In shade or in open spaces 
along the river bank in Wabash loam. Clay Co., Peterson Twp., Sec. 33, 
Sept. 19, 1936, Hayden 614. This species is reported for Ind., Ill., Miss., 
Nebr., Kan., Okla., and Texas. 
Muhlenbergia foliosa (Roem. and Schult.) Trin. Leafy Muhlenbergia 
Two miles east of Ruthven on the east bank of Round Lake in sandy 
loam. Common. Clay Co., Lake Twp., Sec. 34, Aug. 22, 1934, Hayden 37; 
on a shaded, rocky bank at the margin of a small stream on the south side 
of Lost Island Lake below Loesser's Point (Babcock Farm), Palo Alto 
Co., Highland Twp., Sec. 6, Sept. 21, 1936, Hayden 616; in low ground 
along the Des Moines River about 2 miles north of Eldon, Wapello County, 
Washington Twp., Oct. 3, 1938, Hayden 10,973. 
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Heleochloa schoenoides (L.) Host. Cat's-tail Grass 
Growing in hard soil in front of a wholesale house north of the Rock 
Island railway tracks between 6th and 7th St. in Des Moines, Oct. 5, 1937, 
Hayden 4073. This grass is introduced from Europe and is reported in 
Hitchcock's Manual in Mass., Del., Mich., and Ill. 
Distichlis stricta (Torr.) Rydb. Inland Saltgrass 
Growing in gravel and cinders along the track of the C. & N.W. rail-
road track, 3 miles east of Boone, Boone Co., July 3, 193.5, W. L. Tolstead, 
I.S.C. 151,018. This plant appears to be near the eastern edge of its pres-
ent range. 
Agrostis palustris Huds. Creeping Bentgrass 
A. maritima Lam. 
Marshy ground around the outlet of Lost Island Lake known as Bar-
ringer's Slough, in wet, black soil, Clay Co., Lake Twp., Sec. 10, July 19, 
1935, Hayden 265. The branches of the inflorescence were somewhat ap-
pressed. Other colonies were seen in Clay Co. along the marshy border 
of a stream known as Pickerel Run near Dickens. 
Echinochloa Crusgalli (L.) Beauv. var. mitis (Pursh) Peterm. 
Awnless Barnyard Grass 
Around ponds, lakes, moist depressions along roadsides and in pas-
tures, growing with the awned variety. Common. Clay Co., Aug. 28, 
1935, Hayden 121. 
Panicum auburne Ashe The Auburn Panic Grass 
Upland open woods south of Estherville, Emmet Co., June 29, 1936, 
Wolden, B. 0. 1555. (First collected at Auburn, Ala.) 
Panicum clandestinum L. Deer-tongue Panic Grass 
One mile west of Floris. Large, luxuriant plants growing in a colony 
in a marshy area along Lick Creek on the Hill Culture Experimental 
Farm, Davis Co., Lick Creek Twp., Sec. 26, June 26, 1938, Hayden 10,951. 
Panicum Deamii Hitchc. and Chase Deam's Panic Grass 
Allamakee Co., Iowa Twp., Sec. 21. A pioneer plant growing on an 
open sand dune along the terrace of the Upper Iowa River Valley, 5-10 
miles southwest of New Albin, Hayden 8014. Also W. L. Tolstead, I. S. C. 
151,016 and 151,017. The distribution of this plant appears at present to 
be localized and appearing according to Hitchcock on sand dunes, in north-
ern Indiana and Iowa. 
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CYPERACEAE (Sedge Family) 
Eleocharis Engelmanni Steud. Engelmann's Spike Rush 
Gitche Manito State Park, Lyon Co., Sept. 1934, I. E. Melhus, I. S. C. 
142,409; growing in a muddy depression below a rock outcrop of Sioux 
quartzite in Gitche Manito State Park, Lyon Co., Sioux Twp., July 22, 
1937, Hayden 7017; Clay Co., Lake Twp., Sec. 36, July 31, 1939, Hayden 
9198. 
Eleocharis parvula (R. & S.) Link. var. anachaeta (Torr.) Svenson 
Dwarf Spike Rush 
Mon. Stud. in Eleocharis. Rh. 36: 386. 1934. 
E. pygmaea Torr. var. anachaeta Torr.; E. leptos Svenson 
Scirpus nanus var. anachaetus Britton 
South sandy shore of Round Lake. This beach, revealed by the very 
low level of the lake caused by the recent protracted drouth is abundantly 
covered by a green carpet of Eleocharis including E. acicularis, E. parvula 
(R. & S.) Link. var. anachaeta (Torr.) Sven., E. calva Torr., and Cyperus 
inflexus Muhl. Abundant throughout August. Clay Co., Freeman Twp., 
Sec. 3, Aug. 30, 1936. Hayden 690. 
Eleocharis elliptica Kunth. Capitate Spike Rush 
See Rh. 41: 65. 1939. 
E. capitata (L.) R. Br. var. borealis Svenson. Rh. 34: 200. 1932. 
In quaking bog, Emmet Co., Emmet Twp., Sec. 28, July 28, 1930. B. 0. 
Wolden. I. S. C. 136,033. (Formerly listed as E. tenuis.) One of the 
southernmost stations west of the Mississippi. 
Note on the Palustris group of Eleocharis: This group as it has been 
studied geographically has expanded into several concepts, comprehen-
sively discussed in the monographic studies of Fernald and Brackett 
(1929) and Svenson (1939). The representatives mentioned in the I. S. 
C. catalogue were E. palustris (L.) R. & S. and E. glaucescens Willd., the 
filiform stemmed plant now called E. calva Torr. The sheets labelled E. 
palustris (L.) R. & S. fall under 3 species: 
Eleocharis macrostachya Britton Pale Spike Rush 
This material is distributed in the following counties: Clay 6, Dickin-
son 1, Emmet 2, Fayette 1, Palo Alto 1, Harrison 1, Story 1, Winneshiek 1. 
Eleocharis pauciflora (Light£.) Link. var. Fernaldi Svenson 
Fernald's Few-flowered Spike Rush 
Rh. 36: 380. 1934. 
In bog, Emmet Co., Emmet Twp., June 24 and July 14, 1931. B. 0. 
Wolden, I. S. C. 137,045, which was previously listed as Scirpus pauci-
florus, Lightfoot. 
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Eleocharis Smallii Britton Small's Spike Rush 
The distribution by counties is: Buena Vista 1, Chickasaw 1, Emmet 
7, Palo Alto 1, Story 2, Webster 1, Wright 2. 
Notes on Iowa Eleocharis: I. S. C. 88,102 and 137,644, formerly listed 
as E. intermedia Schultes, is now known as E. reclinata. It is still un-
proved that E. reclinata grows in Iowa. 
Scirpus pallidus (Britton) Fernald. Rh. 8: 162. 1906. Pale Bulrush 
S. atrovirens Muhl. var. pallidus Britton 
Wet meadows, sloughs, marshes and springs. Clay Co. Hayden 160, 
161, 162, 164, 1072; Palo Alto Co., Hayden 163; Story Co., Hayden 8054; 
Winneshiek Co. 401. 
Scleria verticillata Muhl. Low Nut Rush 
In a bog about 4 miles northwest of Estherville, Emmet Co., Emmet 
Twp., Sec. 28. About 4 miles north of Estherville. Wolden 1407. 
Carex praegracilis W. Boott 
See N. A. Flora 18: 35. 1931. 
C. camporum Mack. 
C. marcida Boott 
Clustered Field Sedge 
Low terrace around Mud Lake, sandy to gravelly soil in Dewey's Pas-
ture, Clay Co., Lake Twp., Sec. 25, July 20, 1935, and May 30, 1936. Sept. 
18, 1936, Hayden 199, 237 and 700. Frequent in Clay and Palo Alto 
Counties in low prairie. 
Carex foena Willd. Dry-spiked Secfge 
See Rh. 40: 327. 1938. 
C. siccata Dewey. 
Forming a thick sod on a dry bank along the roadside from W anata 
State Park to Peterson, at the north side of the C. & N. W.R. R. crossing. 
Clay Co., Peterson Twp., Sec. 33, June 1936, Hayden 652. 
Carex molesta Mackenzie N. A. Flora 18: 150. 1931. 
Dry rocky ground, Gitche Manito State Park, Lyon Co., Sioux Twp., 
June 21, 1937, Hayden 8085. 
Carex pennsylvanica Lam. var. digyna Bock, Linnaea 41: 220. 1877. 
C. heUophila Mackenzie, Torreya 13: 15. 1913, also N. A. Flora 18: 196. 
1935. 
This variety seems recurrent through the range of C. pennsylvanica in 
Iowa but found usually in dry, open woodland or in dry, gravelly prairie 
or on roadside banks. Hayden 147, 172, 8061, 8062. 
204 ADA HAYDEN 
Carex tonsa (Fernald) Bickn. 
See N. A. Flora 18: 205. 1935. 
C. umbellata Schkuhr 
C. umbellata Schkuhr var. tonsa Fern. 
Umbel-like Sedge 
A pioneer plant in a sand dune blow-out on the river terrace of the 
Upper Iowa River, Allamakee Co., about 5 miles west of New Albin. 
Sept.13, 1937, W. L. Tolstead, I. S. C. 151,020. 
Carex substricta (Kukenth) Mackenzie American Water Sedge 
See N. A. Flora 18: 398. 1935. 
C. aquatilis Wahl. 
C. aquatilis Wahl. var. substricta Kukenth. 
Bog in Emmet Co., June 20, 1926, B. 0. Wolden 1230; Clay Co., abun-
dant in swamps, around bogs and prairie springs, in 6 in. to 1 ft. of water 
associated with C. atherodes, C. laeviconica, C. lacustris, C. rostrata, 
Calamagrostis canadensis, Scirpus acutus and S. validus, June and July, 
Hayden 234, 640, 653, 655, 656, and 8086; Palo Alto Co., similar locations; 
Hayden 642, 654, 771 and 8086. 
SALICACEAE (Willow Family) 
Salix discolor Muhl. var. prinoides (Pursh) Andersson 
Chestnut-leaved Pussy Willow 
S. prinoides Pursh 
Margin of a swamp on the sand terrace of the Upper Iowa River 
Valley, Sept. 13, 1937, Ada Hayden 7048. 
Salix humilis Marsh. var. rigidiuscula (Andersson) Robinson and Fernald 
Narrow-leaved Prairie Willow 
High, dry, morainal prairie slope along the bank of the M. & St. L. 
railway, Emmet Co., Estherville Twp., Sec. 23, Sept. 4, 1934, Hayden 1013; 
two or three miles south of Irvington in a large tract of level prairie near 
some kettle holes, Kossuth Co., Sherman Twp., Aug. 20, 1934, Hayden 
1026; dry hilltop among native grasses 5 miles northeast of Ames, Apr. 20, 
1934, May 2, 1934, Oct. 25, 1937. Hayden 990, 990a, 990b, and 990c. 
The narrow-leaved variety of the species appears to be the prevailing 
form in Iowa. 
Salix interior Rowlee var. pedicellata (Anderson) Ball 
Pedicelled Sandbar Willow 
Low ground between Round and Trumbull Lakes, Clay Co., Lake 
Twp., Sec. 35, Aug. 8, 1937, Hayden 6081; bordering a marsh 4 miles south 
of New Albin, Allamakee Co., French Creek Twp., Sec. 1, Sept. 13, 1937, 
Hayden 6086; along the south grassy margin of Johnson's Slough, one mile 
northeast of Lost Island Lake, Palo Alto Co., Lost Island Twp., Sec 32, 
Aug. 10, 1938, Hayden 10,992. 
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This variety is commonly recurrent in the lake region of northern 
Iowa. 
JUGLANDACEAE (Walnut Family) 
Carya Laneyi Sarg. var. chateaugayensis Sarg. 
Laney's Chateaugay Hybrid Hickory 
Upland woods about 3 miles west of Ames, Story Co., Franklin Twp., 
Sec. 32. Oct. 18, 1936, and May 28, 1937. A. Hayden and C. C. Lounsberry 
2000 and 2000a. This tree was located by Mr. Lounsberry while searching 
for native hickories suitable for propagation. This species is regarded as 
a hybrid of C. cordiformis and C. ovata. It has leaves like C. cordiformis 
and a sweet-kerneled fruit resembling that of C. ovata. It was first re-
ported from Quebec and later from Ontario. 
Carya ovalis (Wang.) Sargent var. obcordata Sarg. 
See Trees and Shrubs 2: 208. 1913. 
C. microcarpa Nutt., in part. 
Hicoria microcarpa (Nutt.) Britton 
Obcordate Small-fruited Hickory 
Seven miles northeast of Ames in a hickory grove (formerly of 200 
trees) on top of a hill east of Soper' s Mill Bridge and 1/4 mile west of 
Pleasant Grove Church. Infrequent but recurrent. Story Co., Milford 
Twp., Sec. 7. Oct. 18, 1936, and May 31, 1937. A. Hayden and C. C. 
Lounsberry 2015a. 
Carya ovalis (Wang.) Sarg. var. odorata Sarg. 
See Trees and Shrubs 2: 208. 1913. 
C. microcarpa Nutt., in part. 
Hicoria microcarpa (Nutt.) Britton 
Fragrant Small-fruited Hickory 
A slender tree about 8 inches in diameter in the west side of the 
cemetery of Iowa State College in an oak-hickory, upland wood bordering 
Clear Creek. Story Co., Washington Twp., Sec. 4, Oct. 10, 1936, and May 
27, 1937, A. Hayden and C. C. Lounsberry 1096 and 1096a. The tree was 
located by Mr. Lounsberry. 
The distribution of Carya ovalis (Wang.) Sarg. is listed in Sargent's 
Trees of North America (1905) as Ames, Story Co., and southward to 
N. C. and Tenn. There is no specimen in the I. S. C. herbarium of an 
earlier date than the above. Malcolm McDonald (1937) lists one col-
lected by E. W. Graves for the herbarium of Parsons College, Fairfield, 
Iowa. 
BETULACEAE (Birch Family) 
Ostrya virginiana K. Koch f. glandulosa (Spach) Macbr. 
The Glandular Hop-hornbeam 
See Field Mus. Publ. Bot. 4: 192. 1929. 
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Woodland slopes along the Little Sioux River, Clay Co., Gillett's 
Grove Twp., Sec. 25. June 27, 1936, Hayden 1834. Other sheets in the 
I. S. C. herbarium recently determined by Wm. Brandau under the direc-
tion of G. J. Goodman show the following distributions for counties: 
Allamakee, 2; Black Hawk, 1; Clayton, 4; Floyd, 1; Grundy, 1; Hardin, 1; 
Kossuth, 1; Lee, 1; Sac, l; Van Buren, 2; Winnebago, 1. Out of the 160 
specimens in the herbarium about 10 per cent can be referred to the 
glandular variety. 
SANTALACEAE (Sandalwood Family) 
Comandra Richardsiana Fern. Richard's False Toadflax 
See Rh. 7: 48. 1905. 
Three miles west of Floris and 1 mile north on Hwy. 63. Open wooded 
slope about 1/4 mile from the highway, Davis Co., Lick Creek Twp., Sec. 17. 
May 12, 1939, Hayden 9177; semi-open wooded ridge along Pease Creek 
in the Ledges State Park, Boone Co., Worth Twp., Sec. 16. June 6, 1939, 
Hayden 9178. This species is most frequently found in Iowa on open 
woodland ridges. 
POLYGONACEAE (Buckwheat Family) 
Polygonum opelousanum Riddell Opelousa's Knotweed 
See Rh. 28: 27. 1926. 
Persicaria opelousana (Riddell) Small 
Abundant locally, in an ox-bow pond near the Raccoon River one 
mile north of Panora, Guthrie Co., Cass Twp., Sec. 29, July 15, 1932, 
Hayden 3068. Growing in 2 ft. of water in a pond 1 mile northwest of 
Panora, Guthrie Co., Cass Twp., Sec. 31 Sept. 5, 1933, Hayden 969. 
Polygonum natans A. Eaton 
See Rh. 27: 158. 1925. 
P. amphibium of Am. Auth. not L. 
Persicaria amphibia S. F . Gray 
Polygonum natans A. Eaton f. Hartwrightii (Gray) Stanford 
Abundant locally, in an ox-bow pond near the Raccoon River one 
mile north of Panora, Guthrie Co., Cass Twp., Sec. 29, July 15, 1932, 
Hayden 3068; growing in 2 ft. of water in a pond 1 mile northwest of 
Panora, Guthrie Co., Cass Twp., Sec. 31. Sept. 9, 1933, Hayden 969. 
Polygonum coccineum Muhl. var. rigidulum (Sheldon) Stanford 
See Rh. 27: 165. 1925. 
P. rigidulum (Sheldon) Stanford 
Polygonum coccineum Muhl. f. natans (Wiegand) Stanford 
Polygonum coccineum Muhl. f. terrestre (Willd.) Stanford 
The Water Polygonums in the Catalogue of Iowa Plants were listed 
in nomenclature which related to the European species. While European 
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species resembling the above do occur in North America they appear to 
be confined to northeastern America and are not common. 
A considerable collection of the above varieties and forms were ac-
cumulated by the writer since 1932 when studying the life history of the 
role of the group as weeds and as food of waterfowl at Huxley in Story 
Co., Panora in Guthrie Co., and the Ruthven area in Clay and Palo Alto 
Counties. There are also other sheets from a number of counties. 
ILLECEBRACEAE (Knotwort Family) 
Anychia polygonoides Raf. Forked Chickweed 
Abundant on sandy cliffs above Cliffland on the east side of the Des 
Moines River, Wapello Co., Keokuk Twp., Sec. 11, Oct. 2, 1938, Hayden 
11,360. 
RANUNCULACEAE (Crowfoot Family) 
Cimcifuga racemosa (L.} Nutt. Bugbane, Black Cohosh 
Infreqent in low, shaded woods in Stone Park northwest of Sioux 
City along the Big Sioux River, Woodbury Co., Sioux City Twi)., July 21, 
1938, Mrs. C. T. Englehardt and A. Hayden 10,703. 
LAURACEAE (Laurel Family) 
Sassafras albidum (Nutt.) Nees var. molle (Raf.) Fern. Sassafras 
See Rh. 38: 178-179. 1936. 
S. officinale Nees and Eberm. 
S. variifolium (Salish.) Ktze. 
Occurring in a colony on a rocky wooded ridge above Highway 61 
just before it crosses the Des Moines River southwest of Keokuk. Lee 
Co., Jackson Twp., Sec. 33. Oct. 27, 1939, Hayden 9091. 
ROSACEAE (Rose Family) 
Crataegus pruinosa (Wendi.) K. Koch 
C. conjuncta Sarg. 
C. depressa Ashe, not Presl, in part. 
C. patrum Sarg. 
Waxy Thorn 
Upland woods 1/2 mi. west of the east entrance to the Ledges State 
Park. A small tree. Boone Co., Worth Twp., Sec. 21. May 20, 1936, 
Hayden 11,058. 
Potentilla missurica Hornem. 
See Rh. 37: 291. 1935. 
P. pennsylvanica L. 
P. strigosa Pallas 
Great Plains Cinquefoil 
Not infrequent locally around outcrops of Sioux quartzite rock in 
the prairie of Gitche Manito State Park. Lyon Co., Sioux Twp., June 22, 
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1931, Hayden 10,459. This species occurs on the plains of Man.-Kans.-
N.M.-B.C. and the station in Iowa lies in the eastern border of its range. 
Geum vernum (Raf.) T. & G. Early Water A vens 
On wooded slopes of the Des Moines River, 16 miles west of Oska-
loosa, Mahaska Co., Scott Twp., Sec. 19, April 20, 1938, Hayden 11,284; 
wooded slopes 2 miles southwest of Cliffland, Wapello Co., Keokuk Twp., 
Sec. 16, April 26, 1938, Hayden 11,285; wooded slopes on the Hill Culture 
. Experimental Farm, Davis Co., Lick Creek Twp., Sec. 15, June 25, 1938, 
Hayden 11,286; Jefferson Co., at Fairfield, May, 1928, L. H. Pammel, I.S.C. 
135,001. The last collection was discovered in the herbarium by Dr. G. J. 
Gooclman in 1938, under a different determination. 
Rose setigera Michx. var. tomentosa T. & G. Woolly Prairie Rose 
Collected in the vicinity of Audubon by E. M. Cole who contributed a 
plant which is now growing on the Campus of Iowa State College. Audu-
bon Co., June 28, 1935, E. M. Cole and A. Hayden 9,181. 
Rosa setigera Michx. var. serena Palmer and Steyermark 
Thornless Prairie Rose 
Growing in the woods near Columbus Junction on the Weber prop-
erty. A plant presented by Geo. L . Weber is now growing on the campus 
of Iowa State College. Louisa Co., Concord City Twp., June 25, 1933, 
G. L. Weber and A. Hayden 9,180. 
Rosa rudiuscula Greene The Rod-stemmed Rose 
See Bot. Gaz. 96: 251. 1934. 
Open upland about 1/ 2 mile west of the entrance to Pike's Peak Park, 
Clayton Co., Mendon Twp., Sec. 27. June 18, 1932, Sept. 18, 1932, 
Hayden 11,570; upland about 1/4 mile west of the entrance to Pike's Peak 
Park, fruits sparsely, a very handsome rose with shining foliage, 
large buds and flowers, Clayton Co., Mendon Twp., Sec. 27. June 18, 
1932; Sept. 18, 1932, Hayden 11,571; growing along the right-of-way of 
the C. & N. W. R.R., Story Co., Washington Twp., Sec. 4. Sept. 15, 1932, 
Hayden 11,572; about 6 miles southeast of Lansing on a sloping road-
side near a stream at the edge of the woods, a tall drooping form, Alla-
makee Co., La Fayette Twp., Sept. 18, 1932, Hayden 11,569; at the west 
edge of Marshalltown, along a roadside bank on Hwy. 30, Marshall 
Co., Marietta Twp., Sec. 26; June 20 and Sept. 17, 1933, Hayden 11,621. 
This species, which according to Erlanson is a hybrid of R. arkansana 
Porter and R. carolina L., is rather variable but frequently recurring in 
the zone where R. arkansana and R. carolina occur. Its distribution seems 
to be most abundant in eastern to central Iowa. 
Prunus mahaleb L. Mahaleb Cherry 
Tree 8 in. in diameter in a ravine at the southwest corner of Keokuk, 
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near the Des Moines River Bridge. Lee Co., Jackson Twp., Sec. 36, July 
1935, H. S. Conard I.S.C. 151,015. 
Prunus nigra Ait. Black Plum 
Small trees 5-12 ft. in height growing along the rocky bank of 
Davis Creek which flows through a rocky valley. In the open between 
hedges of Salix cordata and S. interior bordering the stream and an oak-
hickory forest which covers high hills, Boone Co., Worth Twp., Sec. 16, 
Apr. 1935, Hayden 9,182; also Marcus Maxon No. 1, May 10, 1936. 
LEGUMINOSAE (Bean Family) 
Vicia americana Muhl. var. truncata (Nutt.) Brewer 
Truncate-leaved American Vetch. 
Low prairie east of Mud Lake, Clay Co., Lake Twp., Sec. 25, May 15, 
1934, Hayden 4,071; moist black soil, Hughes prairie, Palo Alto Co., Lost 
Island Twp., Sec. 20., May 5, 1936, Hayden 4,070. 
Lathyrus venosus Muhl. var. intonsus Butters and St. John 
Hairy-leaved Veiny Vetch 
See Rh. 19: 158. 1917. 
About 3% miles west of Ruthven and 1 mile north of Hwy.18 along 
a willow hedge. Clay Co., Freeman Twp., Sec. 16, June 27, 1938, Hayden 
11,315. 
EUPHORBIACEAE (Spurge Family) 
Euphorbia dentata Michx. Dentate-leaved Spurge 
Abundant locally along a roadside bank in sandy loam, also growing 
in fields beside Liatris punctata. Cherokee Co., Pilot Twp., Sec. 22. Sept. 
8, 1937, Hayden 6,029. 
Euphorbia Geyeri Engelm. Geyer's Spurge 
Abundant locally on an open sand dune in the Upper Iowa River Val-
ley about 5 miles southwest of New Albin, Allamakee Co., Iowa Twp .. 
Sec. 21. Tolstead, W. L. and Hayden, A. 6,036. 
This plant associated with Polygonella articulata Meisn., Carex tonsa 
(Fern.) Bickn., Panicum Deamii Hitchc. and Chase, were pioneering 
vigorously with temporary success in an open dune in this vicinity, which 
has a local reputation for a long period of activity. 
ONAGRACEAE (Evening Primrose Family) 
Oenothera perennis L. 
See Bull. Torr. Bot. Club. 64: 287-304. 1937. 
0. pumila L. 
Small Sundrops 
In upland wet prairie land and one mile east of Ridgeway. Winne-
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shiek Co., Lincoln Twp., Sec. 24, July 29, 1933, W. L. Tolstead I.S.C. 
145,068. 
VIOLACEAE (Violet Family) 
Viola eriocarpa Schwein. var. leiocarpa Fernald and Wiegand 
Smooth Yellow Violet 
See Rh. 23: 275. 1922; also Bulletin Bot. Club 38: 194. 1911. 
Viola scabriuscula Schwein. in part. 
When identifying some plants from Clay and Palo Alto Counties, it 
was noticed that the ovaries were smooth instead of hairy. The distribu-
tion of the variety with the smooth ovary by counties is: Chickasaw, 1; 
Cerro Gordo, 1; Clay, 5; Crawford, 2; Decatur, 1; Emmet, 8; Delaware, 2; 
Fayette, 2; Hamilton, 1; Hardin, 4; Marion, 1; Marshall, 1; Palo Alto, 2; 
Lyon, 1; Story, 10; Van Buren, 1; Wapello, 1; Webster, 1; Winnebago, 2; 
Wright, 1; Winneshiek, 3. 
Viola missouriensis Greene Missouri Violet 
Sandy moist alluvial soil along a willow-margined stream, color 
bluish-white, sepals narrowly white margined, Story Co., Franklin Twp., 
Sec. 16, May 12, 1935, Hayden 10,179; about 2 miles south of Algona in 
low, sandy wooded hills along the Des Moines River, Kossuth Co., Irving-
ton Twp., May 15, 1937, Hayden 10,256; sandy soil along a stream under 
willows just south of Cliffland below the hills along the Des Moines River, 
Wapello Co., Keokuk Twp., April 26, 1938, Hayden 11,387. Newbro finds 
this species frequent in Iowa, though not as common as V. papilionacea. 
Viola viarum Pollard Plains Violet 
At the edge of upland. oak-hickory woods east of Ogden, Boone Co., 
Yell Twp., Sec. 35. May 15, 1932, Hayden 11,397; infrequent in open woods 
southwest of Cliffland, Wapello Co., Keokuk Twp., Sec. 15, April 26, 1938, 
Hayden 11,366; also along roadside bank 3 miles northwest of Eldon, 
Hayden 9,187; Davis Co., Lick Creek Twp., Sec. 9, about 2 miles west 
and 2 miles north of Floris scattered in somewhat shaded bluegrass sod 
in the cemetery beside a log church (an early Baptist church in Iowa), 
May 12, 1939, Hayden 9,188. On lawn at Onawa, Monona Co., April 18, 
1938, Mrs. Harve Taylor I.S.C. 147,170. Newbro (1936) reports this 
species as rather uncommon, occurring in the western part of the state on 
prairie and tlry exposures. 
HALORAGIDACEAE (Water Milfoil Family) 
Hippuris vulgaris L. Mare's-tail 
A single colony occurred in a marsh with Scirpus validus and 
Sparganium eurycarpum, Dewey's Pasture, 7 miles north of Ruthven, 
Clay Co., Lake Twp., Sec. 25., June 25, 1936, Hayden 779. 
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SCROPHULARIACEAE (Figwort Family) 
Penstemon albidus Nutt. Pale Beard-tongue 
Gravelly hills north of Oak Grove State Park along the Little Sioux 
River. Locally abundant. Sioux Co., Buncombe Twp., July 23, 1937, 
Hayden 9,033. This location is on the eastern border of the distribution 
of this great plains species according to the map of Pennell (1935). 
Penstemon gracilis Nutt. Slender Beard-tongue 
Common on dry prairie knolls and slopes of Gitche Manito State Park 
and vicinity, Lyon Co., Sioux Twp., June 22, 1937, Hayden 9,032. This 
station is on the southeasterly margin of its range, though it reaches 
farther north and east than P. albidus. 
CAPRIFOLIACEAE (Honeysuckle Family) 
Sambucus canadensis L. var. submollis Rehd. Pubescent Elder 
In Sargent Trees and Shrubs 2: 188. 1911. 
Low border of woods on the Hill Culture Experimental Farm one 
mile west of Floris. Davis Co., Lick Creek Twp., Sec. 26, June 26, 1938, 
Hayden 11,481. 
LOBELIACEAE (Lobelia Family) 
Lobelia siphilitica L. var. ludoviciana A. DeCandolle 
Smooth Great Lobelia 
See Rh. 38: 281. 1936. 
L. siphilitica A. DC. in part. 
Low ground Fayette, Fayette Co., July 30, 1934, Bruce Fink, I.S.C. 
26,564. A duplicate of this sheet was cited by McVaugh (1936) as typical 
of the Mississippi Valley smooth variety. About 40 sheets in the I.S.C. 
herbarium appear referable to this variety. 
Lobelia spicata Lamarck var. hirtella Gray 
See Rh. 38: 313. 1936. 
L. spicata Lamarck in part. 
L. hirtella Greene. 
Hairy Spicate Lobelia 
Low prairies, Aromstrong, Emmet Co., Aug. 13, 1898. I.S.C. 22,574; 
Ames, June 25, 1897, C.R. Ball & R. Combs 500. Duplicates of these sheets 
were cited by Mc Vaugh (1936). About 30 sheets from the eastern three-
fourths of the state are represented by this variety. 
COMPOSITAE (Sunflower Family) 
Aster amethystinus Nutt. Amethyst Aster 
About 5 miles north of Ruthven in Dewey's Pasture, in moist soil 
near a pond. Another cluster grew on the margin of a swale west of the 
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hill above Mud Lake. Aster nova-angliae and A. ericoides (A. multiflor-
us) were near and abundant; Clay Co., Lake Twp., Sec. 25, Sept. 14, and 
Sept. 20, 1936; Sept. 15, 1937, Hayden 11,133, 11,134 and 11,137; in moist 
hummocky soil on the west side of the west lagoon southwest of Virgin 
Lake, Palo Alto Co., Highland Twp., Sec. 25, Sept. 16, 1938; the large 
plants growing in Dewey's Pasture for several years disappeared in 
1938. They grow at a fluctuating water level, which may have a bearing 
on their ability to persist in the same location. 
Aster paniculatus Lam. var. simplex (Willd.) Burgess 
A collections of about 20 specimens taken mostly in northern Iowa, 
were referred to this variety of A . paniculatus. Their determination was 
based on corolla and leaf measurements required by Wiegand's mono-
graph (1935). This variety is predominant in the state. 
Aster lateriflorus (L.) Britton var. pendulus (Ait.) Burgess 
Pendant Lateral-flowered Aster 
This aster is common to abundant on shaded woodland slopes and 
floodplains. The following may be cited: Davis Co., Lick Creek Twp., 
Sec. 26, one mile west of Floris on the Hill Culture Experimental Farm, 
Oct. 1, 1938, Hayden 11,146; Boone Co., Cass Twp., Sec. 33, Sept. 26, 1938, 
Hayden 11,148. It appears to be of more frequent occurance than the 
typical variety. 
Ambrosia longistylis Nutt. Long-sty led Ragweed 
At the edge of a dry pasture at the entrance to the bridge over the 
west fork of the Des Moines River west of Osgood, Palo Alto Co., Walnut 
Twp., Sec. 34, Oct. 13, 1936, Hayden 10,709; 10 miles south of New Albin 
growing on a sandy river terrace, Allamakee Co., Sept. 15, 1937, W. L. 
Tolstead. 
Ratibida calumnaris (Sims.) D. Don f. pulcherrima (DC.) W. M. Sharp, 
Ann. Mo. Bot. Gard. 22: 70. 1935. Long-headed Cone-flower 
Lepachys columnaris (Sims.) D. Don var. pulcherrima (DC) T. & G. 
Sandy bank along highway 65 at the north edge of Des Moines, Polk 
Co., Saylor Twp., Sec. 21. June 26, 1937, Hayden 10,546. 
Verbesina enceloides (Cav.) B. & H. var. exauriculata Robinson and 
Greenm. Golden Crownbeard 
Ximenesia exauriculata (Rob. and Greenm.) Rydb. 
A single plant on the margin of a field 2 miles north of Ruthven north 
of the Lake School, Palo Alto Co., Highland Twp., Sec. 6, Sept. 1, 1934, 
Hayden 10,550; a patch 2 miles north of Iowa State College Campus at the 
edge of a barnyard, Story Co., Franklin Twp., Sec. 28, Oct. 1 ,1934, A. 
Hayden and W. L . Tolstead 8189; introduced in pastures, Emmet Co., Ells~ 
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worth Twp., Sept. 25, 1934, B. 0. Wolden, I.S.C. 151,019. 
Hieracium scabriusculum Schwein. Narrow-leaved Hawkweed 
Wooded slopes along Brown Creek southeast of Estherville, Emmet 
Co., Estherville Twp., Aug. 10, 1934, Hayden 10,600; open woods along 
Pease Creek, Ledges State Park, Boone Co., Worth Twp., Sec. 16, Sept. 
1935, Hayden 9190; Woodman's Hollow, in woods, Webster Co., Cooper 
Twp., Sec. 1, Aug. 15, 1936, Marcus Maxon 4. 
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Blattella germanica L. (cockroach), cir-
culation of hemolymph in wings of, 107 
Bordeaux spray, 155 
Breakdown potentials of gases under al-
ternating voltages, 67 
Burri smear culture technic, 163 
Butter, cultures of, effects of tomato 
juice on flavor, 3 
Butter, putrid defect of, relationship of 
Achromobacter putrifaciens to, 17 
Butyl-acetonic fermentation, 40 
Cadmium salts, 89 
Cankers, tree, in Iowa, fungi associated 
with~ 129 
Caprifoliaceae (Honeysuckle family), 211 
Castor bean plants, reaction of grass-
hoppers to, 353 
Ceramic kilns, radiant heat transfer in, 48 
Cereals, relation of saccharification and 
yield of ethanol from, 78 
Cheese, Swiss-type, bacteriological stu-
dies on, 6 
Chemoreceptors, gustatory, effects of 
toxic compounds on, in Diptera, 22 
Cholesterilene, preparation of, 101 
Circulation of hemolymph in the wings 
of the cockroach, Blattella germanica 
L. I. In normal wings, 107 
Citric acid, bacterial dissimilation of, 14 
Citrobacter freundii, preparation of active 
juices from, 186 
Classification of the proteolytic micro-
cocci isolated from dairy products, A, 43 
Clostridium butylicum, preparation of 
active juices from, 186 
Cockroach (Blattella germanica), normal 
wings of, 107 
Comparative value of sprays and dusts 
in insect control, 155 
Compositae (Sunflower family), 211 
Conductance of solutions of organosub-
stituted ammonium chlorides in liquid 
hydrogen sulfide, The, 60 
Confused flour beetle, Tribolium con-
fusum Duval, toxicity studies on, 405 
Constants, elastic, determination of, by 
piezo-electric methods, 46 
Consumption, evaluations of, in modern 
thought, 95 
Cornstalks, anaerobic decomposition and 
gasification of, 233 
Coryneum, species of, 142 
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Cyperaceae (Sedge family), 202 
Cryptodi aporthe, 129 
Cutlure of fly larvae for use in maggot 
therapy, The, 81 
Dairy products, micrococci isolated from, 
cassification of, 43 
Decomposition, an aerobic, of cornstalks 
by thermophiles, 233 
Decomposition of lignin of plant mater-
ials, 11 
Derivatives of 1-, 4-, 6-, and 9-sub-
stituted dibenzofurans, 92 
Description of a dextro-lactic acid form-
ing organism of the genus Bacillus, 187 
Determination of elastic constants by 
piezo-electric methods, The, 46 
Dectro-lactic acid, description of a, 187 
Diaporthe, and related conidial forms, 129 
Dibenzofurans, 92 
Differentiability and continuity proper-
ties of solutions of certain partial dif-
ferential equations of applied mathe-
matics, 20 
Differential, the general, operator, 261 
Differentiation of the vitamins of the B 
complex and their distribution in cer-
tain foods, 103 
Dinitro-o-cresol dusts, use of, in grass-
hopper control, 345 
Dissimilation of levulose by heterofer-
mentative lactic acid bacteria, the, 359 
Dissimilation of phosphoglyceric acid and 
hexosediphosphate by Aerobacter in-
dologenes, The, 253 
Dosage-mortality relations toward con-
fused flour beetles, Tribolium ccmfusum 
Duval, 39 
Dusts, value of, for potato insect control, 
155 
Effect of decomposition of the lignin of 
plant materials, The, 11 
Effect of ether on the toxicity of certain 
fumigants to the confused flour beetle, 
Tribolium confusum, Duval, 39, 405 
Effect of growth of micro organisms on 
acid numbers of fat in cream and but-
ter, 32 
Effect of low temperatures on the in-
tensity of fluorescence, 195 
Effect of pH on the toxicity of nicotine in-
jected into the cockroach, Periplaneta 
americana (L.), 305 
Effect of quartz filters on the distribu-
tion of energy in laue patterns, 84 
Effects of tomato juice on production of 
flavor contributants in butter cul-
tures, 3 
Effects of toxic compounds on the gusta-
tory chemoreceptors in certain Dip-
tera, 21 
Effect of treated fats on vitamin A po-
tency, 29 
Efficacy of ultra-violet light sources in 
killing bacteria suspended in air, The, 
215 
Eimeria nieschulzi growth-promoting 
potency of feeding stuffs, 317 
Elastic constants, determination of, by 
piezo-electric methods, 46 
Elastic theory, finite strain analysis in, 
71 
Elements, Group VIII, organometallic 
compounds of, 57 
Energy, free, of soil water, 76 
Equations, linear differential, 333 
Equations, linear operational, use of func-
tionals in obtaining approximate solu-
tions of, 37 
Equations, partial differential, proper-
ties of, 20 
Erosion, effect of, in cultural treatment 
of plums, 389 
Escherichia coli, 216 
Escherichia coli, preparation of active 
juices from, 186 
Ethanol, yield of, from various cereals, 
78 
Ether, effect of, on toxicity of fumigants 
to Tribolium ccmfusum, 405 
Euphorbiaceae (Spurge family), 209 
Evaluations of consumption in modern 
thought, 95 
Examination of ice cream with the Burri 
smear culture technic, 163 
Fats, effects of treated, on vitamin A 
potency, 29 
Fatty acid derivatives, reactions of some 
high-molecular-weight, 64 
Feeding stuffs, growth-promoting potency 
of, 317 
Fermentation, butyl-acetonic, relation of 
structure of sugars to the chemism of, 
40 
Filters, quartz, effect of, on distribution 
of energy in laue patterns, 84 
Finite strain analysis in elastic theory, 71 
Flavor, in butter, 3 
Fluorescence, effect of low temperature 
on intensity of, 195 
Fly larvae, culture of, for use in maggot 
therapy, 81 
Foods, distribution of vitamins in, 103 
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Fungi, estimating number in soil, 50 
Fumigants, toxicity of, effect of ether on, 
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Functional methods, 333 
Functional method for the solution of 
thin plate problems applied to a square, 
clamped plate with a central point 
load, 333 
Functionals, use of, in obtaining approxi-
mate solutions of linear operational 
equations, 37 
Fungi associated with tree cankers in 
Iowa. II Diaporthe, Apioporthe, Crypt-
odiaporthe, Pseudovalsa and their re-
lated conidial forms, 129 
Gases, breakdown potentials of, under 
alternating voltages, 67 
Gasification of cornstalks by thermo-
philes, 233 
General differential operator, The, 261 
Gramineae (Grass family), 200 
Grasshoppers, control of, 345 
Grasshoppers, reactions of, to caster bean 
plants, 353 
Haloragidaceae (Water Milfoil family), 
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Heat, radiant, transfer in ceramic kilns, 
48 
Hemolymph, circulation of, in wings of 
Blattella germanica L., 107 
Hemophilus influenzae avis, study of, 73 
Herbarium, Iowa State College, supple-
ment to catalogue of Iowa plants in, 
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Heterofermentative lactic acid bacteria, 
dissimilation of levulose by, 359 
Heterofermentative lactic acid bacteria, 
nutritive requirements of, 367 
Hexosediophosphate, 253 
Hillculture, practice of, 385 
Hybrid and inbred strains of sweet corn, 
pericarpins, 379 
Hydrogen sulfide, liquid, 60 
Ice cream, examination of, with Bui:Ti 
smear culture technic, 163 
lliecebraceae (Knotweed family), 207 
Inbred strains of sweet corn, pericarp in, 
379 
Influenza, swine, studies on, 73 
Insect, potato, control, 155 
Insecticidal action of some substituted 
pyrrolidinea, 53 
Insecticidal action of substituted quino-
lines and tetrahydroquinolines, 69 
Insecticides, 345 
Insects as vectors of yellow dwarf, a 
virus disease of onions, 267 
Ionization constants and insecticidal 
action of substituted quinolines and 
tetrahydroquinolines, 69 
Iowa, fungi, 129 
Iowa plants, supplement to catalogue of, 
in Iowa State College herbarium, 199 
Juglandaceae (Walnut family), 205 
Juice, active, preparation of, from bac-
teria, 179 
Ketoses, functioning of, 364 
Kilns, ceramic, 48 
Lactic acid bacteria, 367 
Lactabacillus buchneri, 367 
L. lycopersici, 362, 367 
L. mannitopoens, 367 
Larvae, fly, culture of, 81 
Laue patterns, distribution of energy in, 
84 
Lauraceae (Laurel family), 207 
Leafhoppers, 270 
Leguminosae (Bean family), 209 
Leuconostoc dextranicus, 362 
Levulose, dissimilation of, 359 
Levulose, dissimilation of, by heterofer-
mentative lactic acid bacteria, 359 
Light, ultra-violet, 215 
Lignin, decomposition of, in plant ma-
terials, 11 
Lobeliaceae (Lobelia family), 211 
Maggot therapy, culture of fly larvae 
for use in, 81 
Micrococci, proteolytic, classification of, 
isolated from dairy products, 43 
Micro organisms, effect of growth of, on 
acid numbers of fat in cream and but-
ter, 32 
Moisture, content in soil, 76 
Motility of the excised fore-gut of Per-
iplaneta americana (Orthoptera) in 
various salt solutions, 393 
Nabidae, new and unrecorded, 323 
Najadaceae (Pondweed family), 200 
Nature of Eimeria nieschulzi growth-
promoting potency of feeding stuffs. 
I. Positive effect of gray shorts, 317 
New Nabidae (Hemiptera), 323 
Nicotine, toxicity of, injected into cock-
roach (Periplaneta americana), 309 
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fermentative lactic acid bacteria, 367 
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Onions, virus disease of, transmission of, 
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Oocysts of Eimeria nieschulzi, 320 
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Organic compounds, association of, and 
electron-sharing ability of radicals, 55 
Organisms, susceptibility of, to ultra-
violet light, 228 
Organometallic compounds of group VIII 
elements, 57 
Organometallic radicals, 8 
Organosubstituted ammonium chlorides 
in liquid hydrogen sulfide, 60 
Orthotropic elastic layer, stresses in, 295 
Oxidation of certain polyhydric alcohols 
by Acetobacter suboxydans, The, 24 
Pachynomus africanus, n. sp. descrip-
tion of, 323 
Pericarp, quantity of, in strains of sweet 
corn, 379 
Periplaneta americana (Orthoptera) mo-
tility of excised fore-gut of, in salt 
solutions, 393 
Periplaneta americana (L.), toxicity of 
nicotine when injected into, 309 
Phenol compounds, 350 
pH, Effect of, on toxicity of nicotine in-
jected into cockroach, 305 
Phomopsis, species of, 139 
Phorticus abdominalis, n. sp. description 
of, 325 
Ph. flavus var. breviatus, n. var., de-
scription of, 327 
Ph. varicolor Distant, 326 
Phosphoglyceric acid, dissimilation of, 
and hexosodiphosphate by Aerobacter 
indologenes, 253 
Physiological and nutritional role of 
zinc, 89 
Plants, Iowa, in Iowa State College her-
barium, 199 
Plating method, for estimating number 
of bacteria in soil samples, 50 
Polygonaceae (Buckwheat family), 206 
Plum, response of, grown under hillcul-
ture conditions to modifications in cul-
tural treatment, 385 
Potato insect control, 155 
Preliminary studies on the comparative 
value of some sprays and dusts in po-
tato insect control, 155 
Preliminary studies on the use of dinitro-
o-cresol dusts in grasshopper control, 
345 
Preparation of an active juice from bac-
teria, 179 
Preparation of cholesterilene and various 
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Prostemma amysti Reuter, 324 
P. belidis, n. sp., description of, 324 
Proteolytic micrococci, classification of, 
isolated from dairy products, 43 
Pseudovalsa, 129 
Pyrrolidines, substituted, insecticidal 
action of some, 53 
Quantitative spectrographic analysis of 
soils, The, 35 
Quantity of pericarp in several hybrid 
and inbred strains of sweet corn, The, 
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Quartz filters, effect of, on distribution 
of energy in laue patterns, 84 
Quinolines, alpha substituted, 69 
Radiant heat transfer in ceramic kilns, 
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Radicals, organometallic, 8 
Ranunculaceae (Crowfoot family), 207 
Reactions of some high-molecular-weight 
fatty acid derivatives, 64 
Relation between the free energy of srul 
water and the moisture content of the 
soil, 76 
Relation between methods of saccharifi-
cation and yield of ethanol from various 
cereals, The, 78 
Relation of the structure of sugars to the 
chemism of the butyl-acetonic fer-
mentation, 40 
Relationship between the electron-shar-
ing ability of radicals and the associa-
tion of organic compounds, 55 
Relationship of Achromobacter putrefa-
ciens to the putrid defect of butter, 17 
Response of the plum grown under hill-
culture conditions to modifications in 
cultural treatment, The, 385 
Ricinus communis L., as used for grass-
hopper control, 353 
Rosaceae (Ro~e family), 207 
Saccharification and yield of ethanol from 
various cereals, 78 
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Salt solutions, motility of fore-gut of 
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Salts of zinc, 89 
Santalaceae (Sandalwood family), 206 
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Scrophulariaceae (Figwort family), 211 
Soil, moisture content of, and free en-
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Soil, plating methods for estimating 
number of bacteria and fungi in, 50 
Soils, quantitative spectrographic an-
alysis of, 35 
Some anomalous Friedel-Crafts reac-
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production, blood and urine of rats by 
salts of zinc with certain observations 
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yeast zymin, 27 
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tonic fermentation, 40 
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Supplement to the catalogue of Iowa 
plants in the Iowa State College her-
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Temperature, effect of, on intensity of 
fluorescence, 195 
Therapy, maggot, fly larvae in, 81 
Thermophiles, anaerobic decomposition 
and gasification of cornstalks by, 233 
Tetrahydroquinolines, alpha-substituted, 
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Thin plate problems, 333 
Thrips tabaci Lind., 269 
Thyphaceae (Cat-tail family), 199 
Toxic compounds, effects of, on gusta-
tory chemoreceptors in certain Diptera, 
22 
Toxicity of fumigants, effect of ether on, 
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Toxicity of nicotine, effect of pH on, in-
jected into the cockroach, 305 
Tree cankers in Iowa, fungi associated 
with, 129 
Tribolium confusum Duval, effect of 
ether on toxicity of fumigants to, 405 
T. confusum Duval, toxicity studies 
with, 39 
Ultra-violet light, effectiveness in killing 
bacteria, 215 
Use of functionals in obtaining approxi-
mate solutions of linear operational 
equations, 37 
Vectors, insects as, of a virus disease of 
onions, 267 
Violaceae (Violet family), 210 
Virus disease of onions, yellow dwarf, 
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Vitamin A, potency of, effect of treated 
fats on, 29 
Vitamin B complex, 103 
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complex, 103 
Voltages, alternating, breakdown poten-
tials of gases under, 67 
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Yeast zymin, fermentative activity of, 27 
Yellow dwarf, vectors of, 267 
Zinc, physiological and nutritional role 
of, 89 
Zymin, yeast, fermentative activity of, 27 
